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1 INTRODUCTION

Sport is one of the essential components of owslivf you want to be healthy, to
have a strong immune system and just to have a gppeéarance, you should include
some sport activities in your life. It doesn’t neaitto set a world record or to trying to
reach something serious. It's enough for keeping ywalth if you just start to make
some sport activities during 0.5 - 1 hours per dayfact, after such sport activities
you should start to feel yourself better, to fdemed of energy and to feel new forces
in your body. This is due to the fact that our bodfter an active movement, gets
more oxygen and the heart starts to work in intensnode, which increases blood
circulation, accelerate metabolism, which will gvgly impact not only on health but

also on your overall appearance.

As you can see, sports and physical work increaggem consumption of working
muscles, therefore the activity of the respiratsystem of human also increases. This
suggests that breathing and the air which we beeaté very important in sport. Be-
cause of that, it is better to play sports in paskadiums or in sport halls, where the
air is cleaner. If, for example, you start to rdang the road which polluted by ex-

haust gases, it doesn't help you, but on the agniréll harm your health.

So, the indoor climate of space where occur sonogt getivities play a significant
role for health of sportsmen. Outdoors it's not thfficult to choose the right place
for sport activities; you just should to avoid maovhere are some possible source of
air pollution presented. As was written above, gbauld choose such places for sport
activities like parks, stadiums and so on. But ordpthe air quality mostly doesn’t
depend on you. Very often sports events are hefpatial sports halls, especially in
countries with cold climates. In such type of buifgs the indoor air quality is de-
signed by HVAC engineers, however, maintenanceheftechnical system and the

building as a whole play an important role.

Nowadays there are many different types of buildingpich are related with sport ac-
tivity. The type of such buildings and some feasuwllepend on kind of sports. For ex-
ample, it may be swimming pool, gym, ordinary sgw@l for basketball or volleyball,

riding hall, a huge covered stadium for footbalings or for athletics and so on.



The buildings for sporting events developed andrawgd annually in accordance
with new regulations and requirements. Sometimeaswations in the field of con-

struction of sports facilities appear due to thgureement for adaptation some kind of
sports in countries with northern cold climate. I5us football, athletics, tennis -

sports that require large areas and good weatinelitams.

One of the latest such developments is air-suppateicture. Also there is another
name of this structure: air dome. It's a good sotufor northern countries which have
cold climate. The design of such structures do¢sewuire any supporting pillars in-
side and it's a big advantage. Building costs ofdames are quite low due to simple
system of construction. The main advantage of sueistruction for countries with
cold climate is to possibility to create suitabidaor climate under the dome, to create
certain temperature of air. More information abaitsupported structure is presented

in the theoretical part of this thesis.

As was written above, quality of indoor air is vemyportant factor for sportsmen’s
health. Also, it's very interesting and non-ordinatructure because the air is main
support of it. The main idea is that the internassure should be equal or exceeds
external pressure. It means that under the dorsaalf structure there is overpressure
air. So, we have a very interesting point of thscdssion about sport’s structure and
indoor climate — the point where meet two main sdéadoor air is very important
for sportsmen’s health” and “air-supported struesucontain overpressure air inside”.
Do these two basic ideas about good indoor airtguehd overpressure air inside one
air dome meet the requirements for indoor climateport halls or in another structure

which is related with sport activities such assaipported structure?

It's very interesting questions for me also becaiig@ng the last year | played football
very often in such kind of structure like air dometually a felt myself a little bit
strange every time at the first 15 minutes of tame. | felt that the breathing is diffi-
cult, that my body requires more oxygen than | logeathe. Other players also felt the
same discomfort at the beginning of the game, atfitist minutes of active move-
ments. But every time after another 15 minutesyghigry started to be ok again and

we continued to play further without any strangdifeys.



The health of sportsmen significantly depends @nildoor air quality and in general
health is very important. Also the air-supportedigiures may be quite advanced in
the future, because the operation costs of it atéao expensive in comparison with
ordinary sport halls or covered stadium. So, daesuwgpported structure provide nec-
essary condition with good indoor air quality fquost activities? Is it harmful for

sportsmen’s health to train or play in such typesdrt's structure? It's quite actual
qguestion and | decide to find answer on it in mghedor thesis. | decide to investigate

indoor air in air-supported structure.

At the first part of bachelor thesis there is t#ioal background, description of
standards and guidelines about requirements favoindlimate, description of re-
search objects, methods of measurements. Also iheraletailed description of air-
supported structure. At the second part of themspaesented results of measure-
ments, evaluation of experimental data, analyzenedsurements and some calcula-
tions. The final part of this work contains disaosswhich based on data from meas-
urements and conclusion. Conclusion includes sarhgigns for new possible ways
to improve quality of indoor air in sport halls aimdair-supported structure. Also this
bachelor thesis contains detailed description stilte of measurements in three dif-

ferent sports facilities.

To achieve the objectives, | have used differenthods. For instance, | had to get
information about quality of indoor climate in difent sports facilities. The methods
of investigation of indoor climate in air-support&ducture and other two sports facili-
ties include measurements of different charactesisif air and some characteristics of
indoor climate generally: pressure level inside ghert buildings, temperature of air,
air flows at different points of the measured otgethe content of carbon dioxide in

air, humidity of the air and some others.

One of the methods of investigation of indoor clien sports facilities is comparison
of experimental data with results of measuremehtstteer sports facilities. For com-
parison of different characteristics in air-suppdrstructure | chose two another sports
facilities. One of them is ordinary sport hall inkdDilding of MUAS which is intended

for sport games like a volleyball, mini-footballagketball and floor ball. Another
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sport facility is gym in U-building of MUAS. Gym ctains different equipments for

training and also there are small room for maeirés.

One of the methods which was also used in thisddaclthesis is calculation different
values of, for example, content of carbon dioxidd aandling of experimental data.
The different sources and literature, official riegions and guidelines for construction
engineering field from different countries were diger creating of theoretical part of

this thesis.



2 AIMS

The main aim of this research work is to define thae the indoor climate of air-
supported structures meets the requirements andatems for indoor climate in
structure for sports activities. If it doesn’'t meéle¢ requirement, the second aim is to
develop ways of solving this problem, to decide chhiype of ventilation should be

utilized or which equipment in ventilation systehosld be installed.

Also one of the aims is to compare indoor air ctenaf air-supported structure with
two other sports facilities: gym and ordinary spoall. For this purpose, there is a
target to measure quality of indoor air in gym apdrt hall. Finally, the third aim is to
estimate perspective of air-supported structurdnénfuture based on results of meas-
urements. For example, to find answer on such mureBke: is it a suitable place for
performing large and serious sport competition ot, s the indoor climate in air

domes not too harmful for health of sportsmen.

As we can see, when we reach all aims and get ppat®e results we can answer on
different important questions about indoor climatebuildings where different sport
events are arranged. It must be very useful to kmweh place is suitable for sport
competition and also this information can helpasriprove quality of indoor climate
in sports facilities. Due to good quality of indaar, sportsmen could achieve better
results and also sporting events could become speetacular. So, the aims of this

bachelor thesis are quite relevant.



3 THEORETICAL BACKGROUND

Theoretical part of this thesis is presented bygudision about quality of indoor cli-
mate, description of main parameters of air andogsvior measurements. Also there
are discussions about significant role of qualifyir@oor climate for sportsmen’s
health. After that there is a description of selvezgulations and guidelines from few
countries about indoor climate in sports facilitiegally, this chapter contains com-
parison of all standards which are used to evaltreequality of the indoor climate

into three investigated sports facilities.

3.1 Indoor climate quality

There are many factors which are included in theeg@ concept of indoor environ-
ment. All of them can be divided into four groupsilding design, acoustics, lighting
and indoor air quality and climate. These four gogontain many different specific
parameters which have influence on human comfart.rBajority of factors that sig-
nificantly affect on the human comfort are parthé group which called “indoor air
quality and climate”. Because of that, this thesigestigates such problem as quality

of indoor climate and air. /1, p. 6./

The concept of indoor environment quality is divldato three directions which are
quite closely related with each other. Due to thsisections, the indoor climate were
carefully described and represented. The firstctima is indoor air. The condition of
indoor air is usually expressed by contents ofotegigroups of air pollutants. For in-
stance, it may be volatile organic compounds (VO@ajticles and gases, microbes
and odours. The second group which can providernmdtion about some physical
characteristics of indoor climate is thermal enwiment. It is usually described by val-
ues of air temperature, air movement, surface tesype, distribution and moisture
content. In fact, air humidity level (moisture)atso related with the first direction.
The third direction is cleanliness. There are thre®n factors which effect on total
cleanliness of indoor spaces: ventilation, air liagdequipment and space cleaning.
As you can see, there are many parameters of ineldaronment which belong to
different groups and directions in whole hierarofiyndoor climate. But some of them

have significant impact on the human health andfednthen the others. For investi-
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gation of indoor environment in sport halls wer@sdn several critical parameters.
Such as air temperature, air movement (draughéjve and absolute humidity of air,
pressure level inside the indoor space and prestitiezence between outside and

inside environment and carbon dioxide level. /16.p.

Indoor climate is a complex of physical factorsrafoor environment which influence
on the heat exchange of the human body. The phydiceate factors include air tem-
perature, relative and absolute humidity of air,\aalocity, temperature of building
envelope, temperature gradient in the vertical larizontal directions into the indoor
space, the intensity of the thermal radiation fitbw@ inner surfaces. Almost all of the-
se physical factors are describe the thermal cémBbermal comfort depends on ac-

tivity and clothing also. /2, p. 16-18./

The comfort conditions of indoor climate are conation of different parameters
which provide a suitable thermal state of the humady with a minimum stress for
mechanisms of thermoregulation of human body. Tlennsuch mechanisms are
sweating and shivering. In practice, optimal thdrotianate provides comfort for not

more than 80% of people in the same room. /2, 221

Vital functions of each person are accompanieddtiouous release of heat to the
environment. The amount of heat loss depends otetta of physical activity which

is expressed by energy consumption for certainatBnconditions. For normal physio-
logical processes in the human body it is very irtggd when the heat released by the
human body is fully discharged to the environmé&fiblation of the heat balance can
lead to overheating or overcooling of the body a®la consequence, to fatigue, loss
of consciousness and decrease level of productiVibe temperature fluctuations
cause changes in muscle tone, disease of periphasallar, sweat gland activity,
high heat production. /2, p. 94-95./

The human endurance against the temperature flimiuand their thermal sensations
are highly dependent on humidity and velocity af dihe higher relative humidity

cause less evaporation of sweat per unit of tintetla faster overheating of the body.
The high relative humidity combined with high temgteres cause especially negative

effect on the thermal state of the person. Foams#, almost all of heat released into
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environment while the evaporation of sweat whenténeperature is about 30 °C. The
sweat does not evaporate even if the humiditydeegsing and dripping from the sur-
face of the skin. So, the pouring sweat appearwisiexhausting the body and do not

provide the necessary heat exchange. /2, p. 97-99./

Indoor climate is formed due to influence from theéernal environment, due to some
features of construction of the building and duelésign of the heating, ventilation
and air conditioning systems also. Usually, thendnich is penetrating from the streets
into the premises is polluted. For instance, tliendiich penetrates from the neigh-
bouring apartments and stairwells are contaminlayesbme gas impurities. Inside the
room, the air is distributed unevenly. There caimf@ zone with a high content of
harmful impurities. Also, in multi-storey buildingkere is quite big air pressure dif-
ference between outdoor environment and indoorrenmient. As a result, there is a
high possibility of gas and bacteriological contaation of air on the upper floors and
the risk of cooling on the lower floors, combinedthnthe increasing risk of radon

contamination. /2, p. 113-115./

It is well known that the air we breathe has a gm@act on our health and perform-
ance. Nowadays people spend a lot of time at iredspaces. It means that the air we
breathe almost always passes through the air mgndhits and ducts of the building.

Daily consumption of air by human varies from 2@éokg. /3./

The quality of indoor air is related with conterita®rosols and gases, temperature,
and humidity. In premises with people, air quaigtyletermined by its ability to main-
tain the health and performance of people. The nmggortant factor of indoor air is
purity. Air pollutants - particles, gases and vagocan reduce human performance

and cause harm for human health. /4./
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The requirements for quality of indoor climate oftdepend on the types of indoor
activities which are performed in certain typeduoiidings. For instance, humidity and
temperature of indoor air in museums should be &ap certain level because other-
wise it can have harmful influence on some exlohitsuch as pictures or sculptures.
Other example is hospitals. There are operatiomains or laboratories which need
clean indoor environment and have strict requirdsiéar indoor air. Also some kinds

of manufactures such as producing of microelectramioptical components require

special condition of indoor environment. /2, p. &/

Indoor climate of sports facilities also requirgedal attention. Because the main
purpose of sports facilities is to perform differérinings and sport competitions. It
means that there are non ordinary indoor activitig®rtsmen usually train very inten-
sively and perform work by muscles, the rate of ements is quite high and thus hu-
man body produce extra heat to indoor spaces. Suclordinary type of indoor activ-

ity needs special conditions because poor quafitin@door environment effect on

well-being of sportsmen and their health. How dibedfect on health of sportsmen

will be described in the next paragraph.

3.2 Effect of indoor climate on health and performanceof sportsmen

Human performance depends on the purity and freshakthe air. Fresh air in the
room is the foundation of good health. As was wenitabove, the respiratory system of
sportsmen is more sensitive to indoor air and megeiring to quality of indoor cli-
mate. Effect of air on the health of athletes delgaan the content of oxygen in it. The
oxygen content is one of the main characteristiainfSportsmen need oxygen to in-

crease physical activity, accelerate muscle regoaier sports loads.

So, the good air quality is very important espdégitdr people who are involved in
sport active work. It's also so because when we gianake some sport exercises or
just to make an active movement the consumpticairdby our lungs increases in 10-
15 times /5/. At the same time, when the consumpioair by human increases, the
production of carbon dioxide also increases. Theseprocesses depend on each oth-
er quite greatly. On the other hand, the productibnarbon dioxide depends on the

physical activity level of the person. So, we geite interesting situation when oxy-
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gen consumption by human depends on physical actewel of person which also
affected on the production of carbon dioxide by hamand the level of excreted car-
bon dioxide influence on the oxygen content inte tfose indoor spaces. Also both
oxygen and carbon dioxide content in the indoordapend on the carbon dioxide
content in outdoor air which is intake by air hattunit. Oxygen content in the in-
door air, oxygen consumption, carbon dioxide préidacand physical activity level
are interconnected and all of these processes dep@ndently of each other. Connec-
tion between all of these processes and their mwagk are quite clearly presented

by graphical way at the figure 1 below.
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FIGURE 1. Relation between oxygen consumption, COroduction and physical
activity level of human /6, p.32/.
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The left vertical axis at the figure 1 shows us akggen consumption and carbon di-
oxide production level by human body and it's esgesl in units as litres per minute.
The right vertical axis shows the breathing ratédhoman also in units as litres per
minute. Single horizontal axis expresses physictlity level of person. From the
figure 1 we can see the relation between physidality level of person and produc-
tion of carbon dioxide and some other relation. iRstance, if the person is seatting in
the office and his physical activity level is quitsv, then the consumption of oxygen
decrease to the low level as well as carbon diopmeluction and breathing rate of
that person. Otherwise, if the person performs n@awk as a doing some sports ac-
tivity, then the oxygen consumption and accordintjg carbon dioxide production

level and breathing rate of that person are startdrease in several times.

In our case, we consider the quality of indoor elienin the sports facilities. In such
places are often occur heavy sports activities. Me,HVAC-engineers and design-
ers, should take into account that the carbon deievel very strongly influence on
the total quality of indoor environment and at thealth and performance of sports-
men, thus, we must control it and keep it at théage suitable level. Many national
regulations and guidelines for indoor climate gikke separate requirements for limit

of car-bon dioxide level inside the indoor spacsmdrts facilities.

Usually, physical activity level is expressed intsiras met. At the figure 1, the hori-
zontal axis marked by units met and it shows uslékel of physical activity of the
per-son. Metabolic rate shows the certain amouenhefgy which expended by human
body while some physical work is performed. Eagbetpf physical activity requires
the certain amount of energy for perform it. Foamyple, such function as walking
with velocity about 5 kilometres per hour is regsirapproximately 354 W and this
value equals to 3.4 met. One met is equal to 10&ndthis amount of energy is need-
ed while person is seated peacefully. The averagace area of human body is 1.77
square meters. Due to 1 met is approximately equaB W per one square meter of
human body. So, in another words, metabolic rafgessed the amount of energy
which release from one square meter of human bbldg. example of relations be-
tween physical activity level and metabolic rat@resented in source /2, p. 93/ of this
thesis and also in the table 1 below. /2, p. 92-94.
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TABLE 1. Physical activity and metabolic rates /2p. 93/

Physical Activity Metabolic rate

met W/nt

Sleeping 0.8 48
Seated, relaxed 1.0 58

Office work 1.0-1.2 58-71

Standing, medium activity 2.0 116
Carrying a load, 10 kg 2.3 136
Walking, 8 km/h 5.8 342

Thus, in our case, physical activity level of sporén influence on the level of carbon
dioxide production, which, in its turn, is affeat the total quality of indoor environ-
ment. In other words, HVAC-designers should conside carbon dioxide content in
the indoor air because it can significantly affect the performance and heath of

sportsmen.

Thermal climate also is very important part of indenvironment. The condition of
thermal climate could effect on the performance lagakth of sportsmen. As was writ-
ten above, metabolic rate is expressed by the gmpeogluction of human body. To be
precise, human body generates the heat by wayrfifrpgng some mechanical work
12, p. 93/. Almost all heat which was generatedelsased to the environment. The
amount of released heat is almost always in balanite heat which was generated.
Sometimes there are occurring some deviationsemtal balance. A good thermal
climate means that the person is satisfied witfedght thermal parameters. When it's
so, the person feels the thermal comfort. It's ntban the thermal balance of his body

is laid into the certain suitable range. /2, p 921+

There are many factors which affect on the theroadénce of the human body. To
keep the thermal balance at the suitable levekrg important especially for sports-
men because thermal balance influence on the ietdbrmance and health of sports-

men.
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There are some key factors which can effect orp#rormance and health of sports-
men. Such as air temperature, relative air velpotjoor air pressure level, metabolic
rate and insulation in clothing. Thus, all of theseameters of environment should be
considered. /2, p. 91-93./

As you can see, thermal climate plays significate m the design of suitable indoor
environment for sports facilities. Body of sportsmm@oduce quite big volume of heat
during the sport activities and sportsman can $taftel discomfort especially if the

temperature of indoor air is not suitable. In caksport activity indoor air tempera-

ture should be lower than in usual case. It's stcabse metabolic rate of sportsmen
also is at unusual high level and it add some amolenergy into thermal balance of
sportsmen. Also the air movement should be atehtio level because if the velocity
of air is too high it can create a draught whichjts turn, can cause discomfort for
sportsmen. The relation between draught, air teatpe= and air velocity is presented

by graphical way at the figure 2 below. /7, p. 31./
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The draught can have significant influence on lheaftsportsman especially in case
where the indoor air temperature is not at theablatlevel and sportsman can start to
sweat or vice versa he can start to shiver. It @arse discomfort and even a cause
disease of sportsman. Because of it many nati@wallations and guidelines for in-
door climate give the separate requirements foit lirhair velocity inside the indoor

space of sports facilities.

So, the quality of indoor climate influences on therformance and health of the
sportsmen. It's very important to control the indemvironment and keep it at the
suitable level. HVAC-designers play significantedbr forming of good indoor cli-
mate with high quality in the sports facilities.diso affected at the productivity of
athletes. Qualitative indoor climate allow the $paren achieve their best results and

set a new records.

3.3 Regulations and guidelines

Significant role of indoor air quality in sport ldings is obvious. The control of char-
acteristics of indoor climate should be perfornt&gt, how to know which parameters
of indoor air quality are suitable? With which slards and guidelines we should
compare received experimental data which descubeiton of indoor environment

into three investigated sports facilities?

The requirements for indoor climate of sport halte presented in different regula-
tions and guidelines. Usually, each country haswa standards or guidelines for in-
door climate in sport halls. Also, there are somgernational organizations which
published regulations and standards for HVAC figldiesign. The most famous such
organisations are ASHRAE and REHVA. The abbrewatbfirst organisation means
“American Society of Heating, Refrigerating and-@ionditioning Engineers”. It's an

American organization which published some regofetiand guidelines for HVAC

field of design and for indoor environment of difat spaces including those. The
abbreviation of second organization means “Reptatieas of European Heating and
Ventilating Associations” but it's an old name whigvas changed nowadays into

“Federation of European Heating, Ventilating and-éonditioning Associations”.
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But, in spite of this, the old name was saved ditidusilized. So, REHVA is a Euro-
pean organization which includes 26 members — réiffie European countries. This
organization also published some regulations andetjnes for HVAC field of de-
sign. So, as could be seen, there are many regudatguidelines and standards for
HVAC design field of engineering but all of thenifdr between in the stringency and
type of requirements for HVAC design. /8./

In this thesis the measurements were performedirgetsports facilities which are
located in a city in Finland — Mikkeli. So, it meathat the comparison of measured
data should be done with Finnish national standddtsalso, there are presented de-
scription and review of regulation or guidelinesiethare utilized in other countries.
It's useful to compare the standards with the psepm define the best requirements
for each parameter of indoor climate and to commaeerimental data with both

Finnish standards and new improved standards.

The investigated objects are sports hall, gym andi@ne. Each sports facility re-
quires the certain parameters for indoor envirortmienfact, the requirements from
standards are almost the same but sometimes tteesd@me differences between val-
ues of parameters. Into this chapter describedntth@or climate parameters from re-
lated standards for sports facilities in genera @it possible for each of sports facili-
ty separately. It depends on the type and infolwnatiapacity of standard or regula-
tion. Also the most interesting, for this investiga work, requirements or limits
which are presented into standards are air tempetadir velocities, carbon dioxide
content level, relative or absolute humidity, andikable indoor pressure level if it is

stipulated in the standard.

For investigation and comparison were chosen fewdstrds. Some of them are from
Russia, USA and Finland. Some guidelines and stdedaf European Union were

chosen also.
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3.3.1 Finnish regulations

All investigated sports facilities are located inkkkli, Finland. So, it means that the
Finnish regulations should be considered firstlbfi@o this research work two Finn-
ish regulations for indoor environment were cho$erst regulation was from Nation-
al Building Code of Finland (NBC). It's a compulgoguideline like a law which

should be met by the constructers. NBC was puldidghethe Ministry of the Envi-

ronment on the indoor Climate and ventilation ofldings in Finland. It has been
develop by Housing and Building Department of FlaNBC include seven chapters
into its structure. Each chapter contain requirdsiéor certain field of construction

and building design. NBC also include suitable msguents for indoor environment
which are a part of division named as Hepac andggnaanagement. It's marked by
letter D. This division contains seven subchaptérse of them is named as “Indoor

Climate and Ventilation of Buildings” and marked@2. /7./

The D2 contains different requirements for conditaf indoor environment. In this
thesis investigated D2 which was published in 20D3e D2 give us information
about general principles of ventilation systemsuatindoor climate in different types
of buildings and its different rooms and some infation about energy performance
of ventilation systems. Also this standard contarious definitions related with ven-
tilation systems, certain values for air tempemtair velocities, air quality, air flow
rates into supply and exhaust parts of ventilatrequirements for acoustic and light-

ning conditions and so on.

According to D2 indoor temperature for gymnastitt sal8 °C. This value should be
kept in sports facilities during the heating seagtiso D2 contains data about limit
for carbon dioxide level: “The maximum permissilodeloor air carbon dioxide con-
tent in usual weather conditions and during occapas usually 2,160 mg/m3 (1,200
ppm).” /7, p. 9/. Some recommendations about in@@humidity level are also pre-
sented into D2. Humidity content of indoor air sliboneet the purpose of certain type
of premises. Also humidity level of indoor air sldnit be too high during long period
of time, and it shouldn’t concentrate somewherehenstructures, or surfaces, or into
ventilation ducts. The level of humidity contentam shouldn’t provide suitable con-

ditions for growth of mold, microbes or micro-orgems. Also the optional high value
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of air temperature should be avoided during theihgaeason for purpose to prevent

high air humidity level.

D2 include some limits for air velocity inside thports premises (indoor spaces). Ac-
cording to the table 3 in D2 standard the uppeit lfor indoor air velocity in huge
sports hall is 0.3 m/s. The maximum available aiogities for fitness halls and small
gym halls are 0.25 m/s. Both of limits for air velty should be met during winter and

summer. /7, p. 35./

The detailed information about all requirementsif@oor environment of sports fa-

cilities are presented in the table 2 below.

TABLE 2. Requirements for indoor climate of sportsfacilities from D2 /7/

Parameters of Indoor Climate
Sports Fa- : : :
- Air temp., CQzlevel, Air Velocity, Pressure Level,
cility
°C ppm m/s kPa

Air Dome 18 <1200 <0.3 101.3
Sports Hall 18 <1200 <0.3 101.3

Gym 18 <1200 <0.25 101.3

Also into this thesis was reviewed a Finnish gurgefor indoor climate. The name of
this guideline is “Classification of Indoor Envinment”. It was published by the Finn-
ish Society of Indoor Air Quality and Climate (FE)E) in 1995 but in this work were
considered latest version of regulation which wabligshed in 2008. The guideline
contains requirement for indoor air quality. Intfélce requirements which given in
this regulation are voluntary. The document cormstaiifferent recommendations for
indoor climate which can help the HVAC designergnprove indoor air quality. The
main feature of this regulation is that it contasystem of classification of indoor en-
vironment which has three categories: S1, S2 and B8 first one means “Individual
indoor environment” and it's the best categoryrafdor climate. If conditions of in-
door air quality meet the requirements from S1gatg it means that the indoor cli-
mate is on the quite high level of quality. The &2egory is named as “Good indoor

environment”. It corresponds to middle level quabif indoor air. The last one, S3
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category is named as “Satisfactory indoor enviramihand it corresponds to ordinary

indoor air quality level. /9, p. 4-5./

The classification of indoor environment contaiaggét values for thermal environ-
ment according to each of three categories. Theefjoe hasn’t got separate require-
ments for certain types of premises such as spaxiiities or residential spaces. So,
into this part of chapter presented information wbsuitable parameters for indoor
climate of some room or premises. In the guidelhreetarget values for air tempera-
ture are expressed by operative temperature. Qpetatmperature takes into account
both radiation and convection /10/. According te ttocument the indoor air tempera-
ture during the winter should be 21.5 °C for S1c&tgories and 21.0 °C for S3. The
allowed deviation is £ 0.5 °C for S1 and = 1.0 &€ 2 and S3. Also the stability of
operative temperature should be so, that the taajee should be kept at the same
level during the 95 % of operating time. The tangdties for air velocities should be
less than 0.14 m/s, 0.17 m/s and 0.20 m/s accotdir®fl, S2 and S3 categories in
winter time. The carbon dioxide level should besldgan 750 ppm, 900 ppm and 1200
ppm according to categories. The target value dbara dioxide content should be
maintained at the same level during 95 % of opmgatiime. According to the guide-
line the relative air humidity level during the wen should be more than 25 % for S1.

For categories S2 and S3 it's optional. /9, p. 3-14

In this thesis all requirements from “Classificatiof indoor environment” are used as
a complement for the Finnish regulation for indemwironment — D2. All experi-
mental data which were getting from measurementisddfor climate in sports facili-
ties are compared with D2 requirements and in sofdivith LVI 05-10440 EN. The
requirements for indoor climate of investigatedrspéacilities from standard “Classi-
fication of indoor environment” summarized in ttable 3 according to three catego-

ries of quality.
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TABLE 3. Requirements for indoor climate from “Classification of indoor envi-

ronment” /9/

Indoor envi- Parameters of Indoor Climate
ronment Air temp., CQOzlevel, | Air Veloci- Pressure
) R. Hum., %
categories °C ppm ty, m/s Level, kPa
S1 21.5+05 > 25 <750 <0.14 -
S2 21.5+1.0 optional <900 <0.17 -
S3 21.0+£1.0 optional <1200 <0.20 -

3.3.2 Russian standard for indoor environment of sports dcilities

The main regulation document for construction irs§ta is SNIP. It's abbreviation
from Russian language which means National BuildRegulation. The SNIP con-
tains compulsory requirements and recommendatioriféerent fields of construc-
tion. The structure of SNIP looks like set of regigns for design and construction. It
also contains separate standard for design of gdiysiaining and sports halls. The
name of this standard is SNIP 31-112-2004 “Physicaining and Sports Halls”. Into
this thesis were reviewed the latest version aidded which was published in 2004.
The standard consists of two parts. Each part sentauideline for different fields of
design or construction of sports facilities. Fpart of standard include separate chap-
ter for HVAC design. This chapter contains informoatand different requirement for
indoor environment. In fact, Russian regulationsl gidelines for indoor climate
aren’t containing detailed information, requirensenot any target values. The condi-
tion of indoor climate described for ordinary spaatls and also there are few parame-
ters of indoor air which should be considered. Adew to the SNIP, the definition of
ordinary sport halls means the place where any &frgport activities occurs. For in-
stance it may be any sports facilities from spatishin schools or other education
establishment to serious and huge sports centi@s &l covered stadium or other
great sports facilities. So, it means that qualftindoor climate for three investigated

facilities must comply with common requirementsiiretandard. /11./

According to the Russian standard indoor air terupee for typical sports halls

should lay within the range from 17 °C to 19 °CrrRigsible deviation for tempera-
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ture of indoor air is = 2.0 °C. The relative airnmidity should be maintained in the
range from 30 % to 45 %. Air velocity in indoor spa should be less than 0.2 m/s.
There is no detailed information and any othergetvalues for limits of carbon diox-
ide level of indoor air. Also the standard doestonhtain suitable requirements for
indoor air pressure. All requirements for indoorviesnment of sports facilities are

summarized in the table 4 below. /11./

TABLE 4. Requirements for indoor climate from Russan standard /11/

Parameters of Indoor Climate

Sports Fa- | Air temp., CQOzlevel, | Air Veloci- Pressure
o R. Hum., %
cilities °C ppm ty, m/s Level, kPa
17 -19 30-45 - <0.2 -

3.3.3 U.S. guidelines for indoor environment

The most significant publisher of any standardsbigitding services engineering field
in United States of America is ASHRAE. The abbrawrmaof this organization means
American Society of Heating, Refrigerating and Bwnditioning Engineers. The first
standards from ASHRAE were published in 1895, winenpredecessor organization
which called as American Society of Heating and tifation (ASHVE) was just be-
ginning to create the first versions of the staddamn ventilation for all classes of
buildings. Another predecessor organization whialed as the American Society of
Refrigerating Engineers (ASRE) has issued a S&etje for Mechanical Refrigera-
tion in 1932. Since then, the association ASHRAE feeased more than a hundred
standards and recommendations that have receivdd-wamle recognition and define
standards for heating, ventilation and air conditig, used all over the world.

ASHRAE standard is not mandatory document for aesgy /12./

The main regulation and guideline for indoor thdreraironment which was issued
by ASHRAE is standard 55-2004. The topic of themsliard is “Thermal Environmen-
tal Conditions for Human Occupancy”. This standawas published in 2004. The
standard includes some requirements for suitabhignpeters of indoor thermal envi-

ronmental factors such as temperature, thermahtiadi humidity, air speed. Also it
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contains the requirements for personal factorscoipants such as clothing and ac-
tivity level. The main idea of this standard issttow how all of these factors should
be applied into indoor spaces and how these fastmsld be adjusted in combination
with each other to achieve optimal thermal envirental conditions for occupants.
Some non thermal environmental factors are notider=d in this standard because
all of them don't relate with concept of thermaindort. For instance it may be acous-
tics, illumination, level of some biological or ehi&eal space contaminants and carbon
dioxide level, which was considered in this thessone of the environmental indoor
factor that play role in formation of suitable irmataclimate in sports facilities. So, this
guideline includes requirements only for thosedestvhich are related with thermal

environmental conditions. /13, p. 3-4./

In fact, the standard does not contain exact vaioieparameters of indoor environ-
ment in any sports facilities or other indoor sgad&ut, on the other hands, in contrast
with many other standards, this standard descsbege new important definition and
ways of evaluation of indoor climate. Accordingtte guideline, there are six main
factors which should be considered. These fact@sreetabolic rate, clothing insula-
tion, air temperature, radiant temperature, aiedpend humidity level /13, p. 4/. All
of these factors in combination with each other maye an impact on the total ther-
mal comfort of person. But every single person @ees these parameters differently,
even if we consider one certain indoor space wathstant conditions of thermal cli-
mate. It depends on the individual sensitive okperand also depends on the meta-

bolic rate and clothing insulation level of thiggen. /13./

The best explanation of individual satisfactionhatihermal conditions for each single
person is expressed by using such concepts as RM\PRD indices. Abbreviation
PMV means predicted mean vote. This index expredsesnean vote of group of
occupants by using the seven-point thermal semsatiale. The scale range lay from
-3 points, which relate to cold conditions of thatmlimate, to +3 points, which relate
with hot conditions of thermal climate. Abbreviati®PD means predicted percentage
of dissatisfied. The value of PPD expressed inqregeges and shows the percentage
of people who are dissatisfied with condition oértinal climate. This index can be
obtained from the value of PMV. /13, p. 3./
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Also, the idea to express satisfaction of occupaitts indoor climate quality by using
such concept as PMV and PPD, is described in destawradards about indoor climate
from European Union. For instance, these standael€EN report CR 1752 and ISO
7730. The description and analyze of these stard#edcribed in the following sec-
tion of thesis. The relation between PMV and PPdices presented graphically at the
figure 3. As we can see at this graph, the cuntedraps lower than 5 percent of dis-
satisfied persons. It means that every single pepgsoceived quality and condition of
thermal climate in their own way and there are &sceptions in 5 percent of cases.
/13, p. 5./

The standard also includes the example of typieatdption of situation with indoor
climate in some ordinary office spaces. This exangblows the interrelation between
6 key factors of indoor environment and acceptablafort zones for occupants ac-
cording to values of PMV and PPD indices. The eXarppesented graphically at the
figure 4.
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FIGURE 3. Relation between PPD and PMV indices /13. 5/
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FIGURE 4. Interrelation between 6 key factors of imoor environment and ac-

ceptable comfort zones for occupants /13, p. 5/

As we can see, the figure 4 shows two comfort zémesccupants with two different
values of clothing insulation. These comfort zohage been determined according to
higher and lower recommended limit of humidity aislo according to the acceptable
temperature range. These zones are really suit@abfgersons whose range of activity
level from 1.0 met to 1.3 met. Also these areasoaffort conditions of indoor climate
determined in such way, that the PMV value is @.%neans that, according to the
graph at figure 3, the amount of dissatisfied pesswill be lower than 10 percent

from overall quantity. /13, p. 5./

The standard also include appendix with explanatibealculation PMV and PPD
values for different conditions of indoor climatehe calculation of PMV and PPD
indices can be done by using special computer grogrhich was written on pro-
gramming language BASIC. For calculation we neellrtow some input value such
as clothing, metabolic rate, external work, tempeeaof air and mean radiant tem-
perature, relative air velocity, and relative huityicdbr water vapour pressure. /13, p.
21-22./ European standard ISO 7730 also contaiiesniation about calculation of

PMV and PPD indices. It should be noted that tmeilar program for generation
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graphs which based on PMV and PPD values were algeelby company LumaSense
Technologies in Microsoft Excel. All examples olatdation PMV and PPD indices
for indoor climate of investigated sports faciltiand generation of graphs were pre-

sented into following chapters of thesis like oh¢he results of this exploration.

Always may be some percent of dissatisfied persatis quality of indoor environ-

ment. There are many reasons for that, but onbeofrtost common is local thermal
discomfort which happens due to radiant temperaagyenmetry, drafts, vertical dif-
ference of air temperature and unsuitable floorpemature. All of these factors and
some others may affect at the value of amount psrado are dissatisfied with ther-

mal climate conditions. /13, p. 6-8./

The standard doesn’t include any exact values en evregulation for indoor envi-
ronment for sports facilities. The standard corgaletailed description of concept of
thermal climate. Because of it, it will be impodsilbo utilize any design criteria for
indoor climate into final table with comparisonaf standards. On the other side, this
regulation document includes very useful informatioout ways of estimation quality
of indoor environment. Also there are descriptiamsl explanations of key factor
which influence on total condition of indoor clireaind thermal climate in particular.
So, all of these things are very important to plevan accurate investigation of indoor

climate.

3.3.4 European Union standards

All countries that are part of the European Unibare common European standards -
EN. There are three European Standardization Qrgaons which are involved in the
approval of any standards, regulations or guidsli@ne of these organizations is
CEN. The abbreviation CEN means The European Caeenior Standardization.
This organization includes 31 members and was lestield in 1972. All EN standards
become national standards in all countries pa#ditip of European Union. It means
that standards which were considered in this chaée belong to the national stand-
ards of Finland. Also there is one type of inteioradl standards commonly known as
ISO. This type of standards was published by sughrozation as International Or-

ganization for Standardization which includes 158mers and was established in
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1946. Almost all international standards can lmtuited in list of EN and vice-versa.
In that case the name of the standard will havee&xpEN 1SO. In this chapter the
next European standards were considered: EN ISO, EA$ 15251 and CR 1752. All
of these regulations adopted like a Finnish Nati@t@andards by Finnish Standards

Association which have abbreviation SFS. /14./

All investigated standards have some amount ofesherformation about indoor cli-
mate. All of them were published like a separatéejine for various specific purpos-
es but many of them borrow some information froroheather. For instance, EN I1ISO
7730 is quite similar with ASHRAE 55-2004 and Wik 1752. That's why all listed
European regulations will consider briefly in thentinuation of this chapter. But in
any case, some standards complemented others staraohal all together these guide-
lines form the one group of standards for indoanate which should be taken into

account.

One of the International standards for indoor ctenahich was approved by Europe-
an committee for standardization (CEN) and wasia@ms status of National stand-
ard in Finland by SFS is EN ISO 7730. The naméisfitegulation is “Ergonomics of
the thermal environment - Analytical determinataord interpretation of thermal com-
fort using calculation of the PMV and PPD indicesl éocal thermal comfort criteria”.
The standard has been prepared by technical coesnoftinternational organization
of standards and approved by CEN in 2005. Thisdst@hbased on the old version
and supersedes it. The old version was publishé895. /15, p. 1-4./

The standard EN ISO 7730:2005 is quite similar witlnerican standard which
named as ASHRAE 55-2004. It's so, because botheaset standards were developed
in parallel. As well as the American standard 584€01ISO 7730 also includes re-
quirements for thermal comfort, quality of indoarveéonment and it described the
ways of evaluation of thermal comfort for occupafs the other hand, the standard
doesn’t contain some information or any valuesfarameters of quality of indoor
environment for sports facilities. The principaintent of standard has a generalized
character and describes the general conceptsddtaiadoor climate and thermal en-
vironment. It includes some description of caldolas of PMV and PPD indices

which was given in previous chapters of thesis.oAtlsis standard includes infor-
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mation about concept of local thermal discomfortl @nch definitions as metabolic
rates and clothing insulation which were mentiomedhapter about ASHRAE stand-
ard 55-2004. The most interesting information favestigation work of this thesis

placed into quite big part of the standards whiatiude eight appendices.

The most important thing into this standard thatusth be mentioned is developed
classification system for evaluation of thermal iemvment according to PMV and
PPD indices with criteria of local thermal discomfavhich is utilized for determina-
tion category of indoor environment quality. It sk be useful for evaluation of
thermal climate quality of investigated sports liies. The classification of thermal
environment provides opportunity to estimate quaditthermal climate according to
three categories: A, B and C. Few factors influemealetermination of category and
they should be measured. First of all, the PPDRIMY should be calculated accord-
ing to performed measurements. All other factoesgart of the group which related
to factors of local thermal discomfort. These ai@udht rate and the percent of dissat-
isfied caused by such factors as vertical air teatpee difference, warm or cool floor
and radiant asymmetry. All of listed factors plajerin the formation of thermal cli-
mate and all of these should be evaluated and mexhslihe categories of thermal
environment and factors which involved into creatid thermal climate are present in
the table 5. /15, p. 13./

TABLE 5. Classification of thermal climate /15, p.13/

Thermal state of the body as a whole Local discomfort
PPD PMV DR PD
% % %
Caleposy caused by
vertical air warm or cool radiant
temperature floor asymmetry
difference
<B -0,2<PMV<+0,2 <10 <3 <10 <5
B <10 -0,5<PMV<+0,5 <20 <5 <10 <5
=15 -0,7<PMV <+0,7 <30 <10 <15 <10

As we can see from the table above, condition efntfal environment meet certain
values of several parameters that should be mahs@haost all values in the table
were given in percents, but in fact some of thelated with more specific units. For

instance, local thermal discomfort caused by valtair temperature difference meet
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the values < 2°, < 3°, < 4° according to categofie8 and C. In the same order the
values for local thermal discomfort caused by warroool floor are the next: 19 to 29
°C, 19 to 29 °C again and from 17 to 31 °C. So,dlassification of thermal climate
from the standard ISO 7730 is quite useful antiaugd be considered if the investiga-

tion of indoor climate occurs. /15, p. 16./

The standard includes one quite useful table watimes design criteria for different
kind of indoor spaces. The main criterion for ciasation of design values for envi-
ronmental parameters is activity level which meaduaccording to the type of physi-
cal activity. All design criteria are summarizedtable 6 below. Unfortunately the
table doesn’t contain design data for sports f&edj but as an example it should be
quite closer if design criteria for department stavill be taking from the table for
investigated indoor climate of sports facilitiesheTllevel of physical activity is quite

similar for both types of buildings.

TABLE 6. Design criteria for indoor environment /15, p. 17/

Type of Activity Category Operative temperature Maximum mean air velocity
building/space Wim2 °C m/s
Summer Winter Summer Winter
(cooling season) | (heating season) | (cooling season) | (heating season)

Single office

A 245+£10 22010 0,12 0,10
Landscape office
Conference room

70 B 245+15 22020 0,19 0,16

Auditorium
Cafeteria/restaurant

C 245+25 220430 0,24 0,21
Classroom
Kindergarten 81 A 235+1,0 20,0+1,0 0,11 0,10

B 235+20 22025 0,18 0,15

C 23525 220+35 0,23 0,19
Department stare 93 A 230+1,0 190+15 0,16 0,13

B 23020 190+ 3,0 0,20 0,15

C 230+3,0 19,0+40 0,23 0,18

The standards contains interesting tables andnr#ton for determination of meta-
bolic rates and physical activity level, for esttroa of thermal insulation or clothing
for various types of wear, and a quite big tabledietermination of PMV according to
the next initial data: activity level, clothing, eqative temperature and relative air ve-

locity. Summing up, the standard contains huge arnotiuseful information about
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indoor thermal environment, description of ways dasigning of suitable values or

parameters of thermal climate.

The next regulation document is European stand®d15251. The topic of this

standard is: “Indoor environmental input parametersglesign and assessment of en
ergy performance of buildings addressing indoor cuiality, thermal environment,

lighting and acoustics”. The considered version wablished in 2007. EN 15251
adopted as National Finnish standard by organize®BS. So, it means that all re-
guirements and guidelines in this standard coul@gygied to target sports facilities
which located in Finland. /16, p. 1-4./

The standard includes requirements and designiitgriar for indoor climate and
thermal environment in particular, and for all fast which related with energy de-
mand. The content of this document in some pagsiite similar with main ideas and
concepts from others standards such as ISO 773B8HRAE 55-2004. Especially it
concerns of the thermal environment. That's whydhscription of the standard was
given briefly and the main stress focuses on tlserg@ion of the special details of the

document.

In this regulation document the new classificatsystem for design criteria were ap-
plied. For instance, four categories |, I, lll ahdfor indoor environment were uti-

lized. This system is quite similar with those slfisations which were used in other
standards. Category | applied for a very sensp@esons who are sick, or for young
children, or for elderly persons. Category Il metts modern and normal require-
ments for indoor environment in new buildings. @aty 11l used for estimation of

quite satisfaction quality of indoor climate in sting building. Category IV describes

situation when all design criteria for the firstel categories are failed. /16, p. 13./

The document includes annexes with requirementsiasign criteria for suitable lev-
el of PPD and PMV indices, for indoor temperaturd #or condition of thermal envi-
ronment in general, for indoor air quality and wetion rate, for lightning, for noise
level and so on. The information about indoor aialdy describes the requirements
for carbon dioxide level also. All data for estimatof carbon dioxide concentration

according to four categories were collected intétide 7 below. It should be noted that
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suitable limits of carbon dioxide level in the @l@xpressed in values which are above

the outdoor concentration of carbon dioxide.

TABLE 7. Recommended carbon dioxide concentrationl, p. 36/

Category Corresponding CQO, above outdoors in
PPM for energy calculations

I 350

! 500

1 800

\% < 800

Unfortunately, the standards doesn’t contain erasign criteria for indoor environ-
ment in sports facilities like many other standalig in any case, this regulation doc-

ument is useful for designing of indoor climate.

The last guideline which was considered in theithsssCR 1752. The abbreviation
means “CEN Report” where CEN means European Comenittr Standardization
from French language. The topic of CEN report 1i&2'Ventilation for buildings.
Design criteria for the indoor environment”. Thensmlered version of document was
published by Technical Committee of CEN in 1998isTiegulation document also
approved as National Finnish standard by orgamacsiFS. /17, p. 1-5./

The standard described requirements for qualitih@dor environment in ventilated

buildings. Design criteria for indoor climate offfdrent types of building are quite
similar with those which were presented in thedabbf this thesis. The classification
for quality of indoor climate according to thredegories like in standard ISO 7730
was utilized. Thus the indoor environment can lemneded in accordance with cate-
gories A, B or C. The concept of thermal environmienthe standard is the same
which was described in previous European regulatmguments. So, idea of PMV
and PPD indices, the definitions of local thermacdmfort were utilized in this

standard in describing of suitable level of thergiahate. It should be noted that more

than half content of this document is a part witifiedent appendices which include
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descriptions of requirements for indoor environmeemd tables with design criteria for

indoor climate.

The most interesting difference of this documemhpared to the previous one is the
presence of ways of evaluation level of carbon idi@xaccording to the three catego-
ries of quality. The evaluation of carbon dioxidgoerformed in relation with value of
perceived air quality which expressed in perceriitdigsatisfied persons. The main
emitter of carbon dioxide is humans. The level afdoction of carbon dioxide de-
pends on the metabolic rate of humans. Relatiowdst percent of dissatisfied per-
sons and concentration of carbon dioxide accordinghe categories of estimation

presented at the figure 5 below. /17, p. 23-24./
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FIGURE 5. Relation between percent of dissatisfied’D and concentration of

carbon dioxide /17, p. 24/

The curve at the figure 5 shows the concentrationaobon dioxide on the x axis
above outdoors concentration which usually is al3&0tppm. From the figure we can
see the exact values of concentration of carboxidkoand percent of dissatisfied per-

sons according to the three estimation categoBiesthe category A corresponds to
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concentration 450 ppm and about 15 percent of tikéiea (PD). Category B matches
the next criteria: 650 ppm and 20 PD. Category @madhat the carbon dioxide level
is above than 1150 ppm and this value matches f@eBfent of dissatisfied. This in-
formation about suitable level of carbon dioxidevésy useful and should be utilized

for estimation of indoor air quality in sports fi#oes. /17, p. 24./

The regulation document includes appendix with dpson of different pollution
sources and the ways of their estimation, appewitx explanation of requirements
for acoustic environment, appendix with interestilggcription the step-by-step meth-
od of determination suitable design criteria fadlaor climate with practical cases et
al. /17, p. 30-40./

The standard contains information about metabalies for different cases, descrip-
tion of thermal insulation parameters for some coatiton of garments. Also it bor-
rows some information from another regulation seuntich name is “Air quality
guideline for Europe”. This guideline was publishedler authority of World Health
Organization (WHO). Thus the standard CR 1752aiosta lot of design criteria for
air quality and information about air pollutantsdasther useful information for de-

signing of indoor environment with high quality7/Jp. 51-58./

All of three considered European regulatory docusiemere adopted as Finnish
standards by SFS. It means that they could beexpplhile designing of any buildings
in Finland. But it should be taken into account th@ SFS standards aren’t obligatory

in Finland.

3.4 Comparison of standards

The main purpose of standards research is to carglharegulations and guidelines
which could be utilized for designing of indoor @ement for sports facilities in
Finland and to define the best and suitable contibimaf different requirements for
certain parameters of indoor climate into studipdrs facilities. The parameters of
indoor environment which were considered in thesth are temperature of indoor air,
the air velocity, pressure level, the content aboa dioxide and humidity level of

indoor air. All of these parameters have quite irtgott influence on the total condi-
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tion of indoor climate. Few documents which have #tatus of National Finnish
standards were investigated in details and allgdesriteria and requirements for in-
door environment are very important and shoulddresiclered and compared. For that
purpose, it will be useful to create a summarydathere all important values for key

parameters of indoor environment are summarizechaatyzed.

Unfortunately, not all standards contain detailefthrimation about indoor climate in
sports facilities in particular. As we can notenfrdghe research of standards in this
chapter, some regulations include design critemi@ @equirements which only indi-
rectly affected on state of indoor climate in spdecilities. Other standards contain
only general information which describes the waydesigning suitable criteria for
indoor environment with high quality. For instant®e American standard ASHRAE
55-2004 doesn't include detailed design valuesiridoor climate which should be
compared in the final tables. Instead of it thendéad described the ways of evalua-
tion of thermal environment. For that purpose, tiein parameters of evaluation of
thermal climate are PPD and PMV indices, which alswe given in the table with
comparison as additional design criteria. It carubeful further in the analysing pro-
cess of measured data. In any case, for reacheng@dhl all data and requirements
which were given in the considered regulatory doent® should be analyzed and

compared.

In other words, the goal of this chapter is to dewehe system of evaluation the qual-
ity of indoor environment in studied sports fagg according to the standards. The
system of evaluation should be based on some rgréafect model of indoor climate
which was developed according general table withgarison of all collected design
criteria. The table with comparison of requiremeamsl design criteria for indoor cli-
mate from all studied standards with quite detadedcriptions is given below at the

next page (see the table 8).

As we can see, the table 8 contains the cells warehmarked by sky blue colour.
These areas show design criteria from Finnish stalsd In fact, all measured data
should be compared with these values in sky blille because all three sports facili-
ties located in Mikkeli. The compulsory and stdetsign criteria for indoor climate in

Finland were presented in D2. More detailed estomadf quality of indoor environ-
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ment can be performed by using the categories ffomish classification system. If
all performed measurements meet design criterskynblue cells of table 8, it means
that the quality of indoor climate is suitable ammiresponds to the requirements from
regulatory documents. The values of air temperafttme European standards ISO
7730 and EN 15251 were taken as the average betvedges for summer and winter
seasons. Also the data in these standards cormspatesign criteria for department
store because the high activity level there isagsiinilar with activity level into sports
facilities and because these standards don’t codisign criteria for indoor environ-

ment in sports facilities in particular.



TABLE 8. Comparison of design criteria for indoor dimate from standards and other documents /6, 7, 135, 16, 17/
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%)

Standard Catego- Design criteria for indoor environment Additionagilgn values
tandards
ries Airtemp., °C| R.Hum., % C&ppm Air vel., m/s Pressure, kka PPD|% PMV, units
D2 unified 18 20 — 45 <1200 <0.3 101.3 - -
@ Classification| S1 | 21505 | >25 <750 <0.14 i i i
c
L% of indoor envi- S2 21.5+1.0 optional <900 <0.17 - - -
ronment S3 21.0+1.0 optional <1200 <0.20 - - -
) SNIP 31-112-| cat. 4 for
Russian | 17.0-19.0 30 -45 - <0.2 - - -
2004 sport obj.
ASHRAE 55-
U.S. - - - - - - <10 -0.5<PMV <+0.5
2004
A 21.0+£1.0 - - <0.14 - <6 |-0.2<PMV<+0.2
EN ISO 7730 B 21.0+25 - - <0.17 - <10 |-0.5<PMV<+0.5
C 21.0+3.5 - - <0.20 - <15 |-0.7<PMV <+0.7
c I 21.0+15 30 <350 - - <6 -0.2 < PMV < +0.
o I 205+25 25 <500 . i <10 | -05<PMV<+0.5
3 EN 15251
5 Il 20.5+35 20 <800 - - <15 | -0.7 <PMV < +0.F
w
v - <20 > 800 - - >15 | PMV>+0.7;<-0.ff
21.0+1.0 <450 <0.14 - <6 |-0.2<PMV<+0.2
CR 1752 B 21.0+25 <650 <0.17 - <10 |-0.5<PMV<+0.5
21.0+35 <1150 <0.20 - <15 |-0.7 <PMV < +0.7

N




35
It should be noted, that the data from three Elanmandards are quite similar. An-
other interesting detail is that only one singknstard contains design value for pres-
sure level. It's D2. The average magnitude of amperature from EN is lower for
about 0.5 °C than from Finnish regulatory documeflso the Russian SNIP requires
quite low air temperature for sports facilitiescomparison with all others standards.
The range of relative humidity for all considereédnglards is from 20 % to 45 % in
average. Requirements for carbon dioxide level fi®lh is much stringent than in
Finnish standards. Interesting thing is that theigievalues of air velocities from all
considered standards are almost identical. Theekighmit of air velocities is 0.3 m/s.
The PMV and PPD indices were present as additidesign criteria for more detailed
estimation of indoor climate quality and thermavieonment in particular. It's useful
to know these indices for research sports faaliiad they will be determined further

into next chapters for each single case.

After analyzing the table 8, we can determine tbst bstrictest and most appropriate
design criteria for indoor environment as resultomparison of all regulatory docu-

ments and standards which were given in the t&dethat purpose, we should take
lower compulsory limits for each of researched peaters or just take an average
magnitude in some cases. Thus we can get a neaf parameters for indoor envi-

ronment by which the total condition of indoor chite will be improved and became a
most suitable for performing different kind of sfgevents. The result of analyzing

data is presented into table 9 below.

TABLE 9. The strictest set of parameters for condibn of indoor climate

Parameters of Indoor Climate

Air temp.,| R.Hum., | COg, | Airvel., | Press., _
PPD, % PMV, units
°C % ppm m/s kPa

18+05 | 320+£5.0 <350 | <0.14 101.3 <6 -0.2<PMV< +0.2

The table 9 was created and analyzed accordindl tegqulatory documents which
were researched in this thesis. The magnitudesdudar air temperature as well as
relative humidity are average for all values whafe presented in standards. Re-

quirements for pressure level have been descrihbdim one single standard — Finn-
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ish D2. The rest values of carbon dioxide level,valocity, PPD and PMV indices
were given as the most lowest from all researclegdlatory documents. As a result
we got the table which contains best design catfen comfortable and suitable condi-
tion of all parameters which related with concepindoor environment in sports fa-

cilities.

To summarize this chapter we can note that thearelseof different regulatory docu-

ments and their sequential analysis and compaalow getting quite clear and effec-
tive way for evaluation of quality of indoor envmment in sports facilities. It will be

very useful further when the all measured parammeaiemdoor climate condition will

have to be evaluated and compared with requirentérfégnish standards and other
researched standards. In such a way we can geisareaon questions: “Is the quality
of indoor environment in sports facilities meetg ttompulsory requirements from
regulatory documents? Is it possible to performgperts events of high and interna-
tional level there or not? ”. Thus the main goaltlut chapter which describes re-
searching of few regulatory documents has beereaetli All measured experimental

data can be objectively evaluated and analyzed.
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4 MATERIALS AND METHODS

4.1 General overview

This chapter presents the objects of the researdtmeethods which were used during
performing of this investigation. The three objectsnvestigation are air-supported
structure, sport hall and gym. Also the one gentarglet for research is indoor climate
in each sports facility. This part of research wrknain part because there are pre-
sented description off all processes of measuremeitis an experimental part of
work. All results of this thesis are based on thtadrom measurements in all investi-

gated sports facilities.

4.2 Description of the buildings

Detailed description each of three sports facdlitend their features are presented.
Also there is some theoretical information aboutegal characteristics of sports fa-
cilities, some typical features and properties.Hesports facility was discussed in de-

tails and also all relevant materials such as ghatml schemes are attached.

4.2.1 Air-supported structure

Nowadays, air-supported structures are often useshdloor sports. One advantage of
air dome is that there can be large sports fasliiuch as soccer fields, volleyball and
basketball courts, tennis courts, artificial icekd, etc. Also it requires a quite small
investment for the construction in comparison vather types of indoor sports facili-
ties. Another advantage of air-supported strudsutbe possibility of repeated assem-
bly and disassembly facility at almost any typesoil, and the ability to cover large

areas (500-5000 sg. m.) without building the sufgpof elements in buildings.

There are two mounting system of inflatable strreguo the ground: anchoring and
fastening system on the prepared concrete foundafibe air-supported structure
should be attached to the ground quite strondb/sti, because the whole foundation
system should provide good resistance againstftimg lforce which is cause by over-

pressure level inside the dome. Also foundatiotesysshould provide good resistance
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against the wind's forces. The best solution in tage is to utilize system of ballast

anchorage. /18./

The shape of such type of construction is usualigl,odomes or hemispheres. The

scheme of typical air-supported structure is prieskeat the figure 6 below. /18./
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FIGURE 6. The typical air-supported structure /19/

As you can see, at the figure 6 are presentedreliffe¢ypical features of air-supported
structure. Usually, each air dome has three typemntwance or exit. One is the main
door which should insulate indoor air into domeniroutdoor environment. For that
purpose usually revolving doors or another typaidbcks should be installed. The
second type is emergency exit. It's always necgssanording to the fire safety guide-
lines. Third type of entrance is mounted for tramsgurpose. Transport doors are
needed for possibility to install appropriate ovazd sports or engineering equip-

ments inside the air dome.

The air-supported structure is equipped by lighsggtem. It's shown at the figure 6.
In fact the sunlight can pass into the dome throemgvelope, but usually in countries
with northern climate the duration of day is nat tong so the lighting system is nec-
essary part inside the air dome. Also all air-sufgzbstructures should be equipped

with special engineering devices for maintainingiaside the dome which keep it at
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the constant level. At the figure 6, it's inflatin@ating unit — part of whole ventilation
system of air dome. Otherwise, if the pressurell@vede the dome is not high
enough, structure begins falling down and stoputaction until air supply system
starts to resume maintaining the air. The specra@rgency supply devices should be
utilized to prevent such undesirable case. At ifparé 6, it's auxiliary diesel inflation
unit. It works independently from electricity anabosild resume maintaining of air into

the dome in different emergency cases. /19./

The Air dome is a structure which is made fromdatultilayer membrane. For in-

stance, it maybe: fibreglass, polyester, teflodP9IC. This membrane is an envelope
of whole structure. Membrane protects the intesfpeice from the weather conditions
and also allows sunlight pass through the envetdsEr dome by 75%. To seal en-
velope of structure are utilized special airlocksdaors or also possible to install the

revolving doors which are very convenient for \osst during the operation. /18./

The principle of operation of the design is basedmaintaining a slight overpressure
inside the air-supported structures by injectireslfr air ventilation unit. The average
pressure level inside the dome is about 150-750rRa.pressure and temperature in
the air dome are controlled by automatic systemichvindicates the temperature,
wind speed and humidity of the outdoor environmbénthe case of snow, temperature
under the envelope of structure is automaticallyeased to allow the snow to melt.
/18.1

Air dome is equipped by an emergency autonomousrsysvhich begins to maintain
the pressure level in the event of damage eleistridiir supported structures are
adapted to the northern climate with its unpredietachanges in temperature. It can
work even if the velocity of wind is about 150 km/fhey are equipped with heating
and ventilation systems and can withstand temperatariations from -50 to +70 C.
Also, the system is complemented by the heatingvath variety sources (electric or

water), heat pumps, humidifiers or dehumidifieis./

The studied air dome is located in the city of MikkThe kind of ground under the
basement of sports facility is a rather dense &it. anyway, the total weight of air-

supported structure with its basement is not tagh.hiTherefore the construction
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doesn't need any special requirements for condaf@oil. The air dome is attached to

the ground by system of ballast anchorage. Extemppkarance of investigated air-

supported structure is presented at the figure 7.

FIGURE 7. Air-supported structure in Mikkeli, Finla nd

This air dome is used for training and sport cortipets such as football, athletics and
rugby. Due to the air dome include few footballegatvhich are different in their sizes.
The overall capacity of the structure is 200 pessdt's a typical air dome which has a
hemispheric shape, envelope material is multilmyembrane. Material of membrane
is polyvinyl chloride which is also named as PV@eTair dome is equipped with ven-
tilation system and a system for maintaining thespure — to pump air from environ-
ment inside to the dome. The lighting inside thendaconsist of system a spotlights
which illuminate a surface of the field on a suigalevel. Also there are two dressing
rooms inside the structure and three toilets. éhain dome installed the special foot-
ball floor covering which an artificial herbaceocsver is made of synthetic fibres.

The internal appearance of air-supported struétupeesented at the figure 8 below.



Internal appearance of air dome

FIGURE 8.
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FIGURE 9. Scheme of air dome. Top view (plan)
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The length of the football field inside the domealsout 90 meters and the width is
about 55 meters. Total area of football field in@me is a little bit less than 5000
square meters. The entrance has revolving doorshwhsulate the indoor climate of
air-supported structure from outdoor environmerd belps to keep certain pressure
level inside the dome. Dimensions of the dome,tlonaof engineering equipment,
the disposition of furnishings and sports equipmeamd central entrance are shown at

the figure 9.

According to the aims of this bachelor thesis alévant measurement of indoor cli-
mate parameters were done in investigated air ddime.scheme of measurements
and description of measuring method which was edgiiuring the research work are

given in the following chapters.

4.2.2 Sport hall

Usually, the sport hall is a special space whefferént sport equipment or exercise
machines are installed. It's designed for sporisi@m sports or physical education.
There are many types of sport halls. Some of thendesigned specifically for certain
kind of sports and some of them have multipurpasetions. Typical sports halls are
held in almost all secondary and higher educatstitutions around the world. Often
it includes both fixed and demountable sports egeipt that allows you to transform
them into volleyball, basketball, badminton or imt@other sport court. The floor cov-
ering in such ordinary sport halls is usually spdirioleum which is made from PVC
or sports wooden parquet. According to new stargdaitl sport halls should be
equipped by air ventilation and conditioning systEmcreate suitable conditions of
indoor climate but quite often it's not so, becansany of sport hall were built when

the standards weren’t exist yet. /20./

The sport hall which was investigated in this thésilocated in city of Finland — Mik-
keli. It's a part of the campus of Mikkeli Univetgiof Applied Since. The sports hall
is located into D-building which is also a partMUAS campus. D-building includes
many types of premises such as auditorium, clagsspoanteen, several laboratories
and sport hall also. General appearance of sptirisharesented at the figure 10 be-

low.
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FIGURE 10. General appearance of sport hall in D-buding of MUAS

The investigated sport hall is a multipurpose sfamtlity. It can be used for different
kind of sport and physical exercises because the s@ll contain many sport equip-
ments such as basketball rings, nets for volleydoradl badminton, gates for mini foot-
ball and for floorball games, gymnastic balls, matiks, different balls, wall bars for
exercises and so on. Also the floor into sport hals painted by special stripes. It's
marking for different kind of sports. So, the spball can be used for such kind of
sport activity like basketball, volleyball, mini dtball, floorball and other type of

physical exercises and gymnastics.

The envelope of sport hall includes one quite hugpelow which is installed in such
way that it covers the area from floor to ceilifidne width of that window is 3.2 me-
ters. The floor covering of sport hall made of wengarquet which is protected by a
layer of lacquer. Also sport hall is equipped byd®m ventilation and air condition-
ing system. It is possible to control some paramsedé indoor climate in sport hall.
But it depends on the type of air ventilation maehivhich handles the intake air. The

air ventilation system is presented at the figurdo&low.



FIGURE 11. Ventilation and Air-conditioning systemin the sport hall
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FIGURE 12. Scheme of sports hall into D-building. ©p view (plan)
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The sport hall which was investigated have only engrance door. The height of
sport hall is about 6.25 meters. Length and widthadl is about 20.2 meters and 12.3
meters respectively. All important dimensions arespnted at the figure 12 below.
The total area of a sports hall is 248.5 #ccording to the aims of this bachelor the-
sis all relevant measurements of indoor climateupaters were done in the investi-

gated object.

4.2.3 Gym

Typical gym is a place for many kind of sports @hgsical activities. Usually, gym is
equipped with special devices which are used bitovss for physical work. Gym
should include aerobic exerciser, fithess cyclgmrts and gaming complex, stack
gyms, physical simulators, steppers and fitnesshinas which are also contain dif-
ferent racks with barbells, dumbbells and barlibksnselves and exercise equipment
with built-in scales. All of these things are inkgd often in the common room which
is named like gym. Also the mirrors are installedha walls of gym room for purpose
of monitoring the process of performing differerercises. The requirements for total
area of such room for gym aren’t too big. In fatgndard area of room with different
fitness machines is 200-30C rbut it depends on the total amount of visitors total

amount of exercise equipment. /21./

The main difference between sports hall and the igytinat the sports hall can be used
for various competitions and gym are using excligivor individual training. Based
on the different purpose of each sport facilitekssign of sports hall and gym is signif-
icantly different as well, although the requirensefar indoor climate are basically the
same. The gym should be equipped with modern aditoning and ventilation sys-
tem for the purpose of maintaining good indoorqaiality. It's very important because

the gym is also sports facilities where physical aports activities are performed.

The gym which was investigated in this researchku®focated in eastern city of Fin-
land — Mikkeli. The gym consists of different roanbso dressing rooms which have
showers, main corridor and two rooms which is m@ants of gym — operating zone
for the purpose of physical activities. These aims of gym are located in the second

storey of the building which named as U-buildingneTU-building is a part of the
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campus of Mikkeli University of Applied Sciencespé&ating zone of gym include
two rooms which were investigated. Design of batbims is quite similar but the pur-
poses of each room are different. Due to the requents for indoor climate in each

room are also different. Both rooms are connectedrie door between. The overall

appearance of the room is presented at the figieebw.

FIGURE 13. Overall appearance of the gym

The main purpose of the room is different physeadrcises such as aerobic, rhythmic
aerobic, gymnastics and yoga. The room is usedlémses in material arts such as
boxing, judo, various types of mat wrestling; theaghing bag is mounted to the ceil-
ing at the middle of the room and so on. Thusytioen is equipped by mats, gymnas-
tics balls, devices for step aerobics and etc.hehght of the room is about 3.2 meters.
Nine identical windows are installed at the extemalls. This fact may cause a quite
serious load on a heating system of the buildingo Ahis circumstance has effect on a
thermal climate. Three external walls separate aarténvironment from the indoor
space of the room. This room hav€-ghape. All design characteristics and some key

dimensions of this room are presented at the figdrbelow.
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FIGURE 14. Scheme of the room 232A into the gym

The gym has also an other room designed for stneingihings with a variety of exer-
cise machines. In the room are fitness machinéfeyeint types of racks with barbells,
dumbbells and barbells, exercise equipment witHt-buiscales, stack simulators,
steppers, and three bicycles simulators. Also anfewsors are installed at the wall of
room with purpose to monitoring the quality of merhing exercises. The overall ap-

pearance of the room is presented at the figuigeldw.



FIGURE 15. Overall appearance of the exercise rooin the gym
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FIGURE 16. Scheme of the exercise room in the gym

The height of room is 3.2 meters. The total numloémxternal wall are two. The 12
windows are mounted at the walls. The room havectangular shape. All design
characteristics and sizes of this room are predeait¢he figure 16. The detailed de-

scription of measuring point’s disposition was give the next chapter.
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Both rooms of the gym are equipped with commoncairditioning and ventilation
system. The system includes supply and exhaustrtakranits. This system didn’t
utilize the separate air handling unit (AHU). Iresleof it the outdoor air is handling by
local AHU which is installed at the starting du€tventilation system close to external
wall. The AHU heat the air for certain conditionsdgoump it further through ventila-
tion ducts to the supply terminal units. The outdap is intake through outdoor air
grill which is located just above the window. Sloe tair conditioning and ventilation
system is quite simple. The system is equippedMaytéemperature sensors which are
show the temperature of intake air and supply\&inile the measurements of indoor
climate parameters are performed, the temperafuirgake air was about 10 °C and
the temperature of supply air was about 23 °C. @hedues are very important and

should be taken into account in further calculaion

For this moment, we have a fairly clear picturewhabjects of research: the dimen-
sions of investigated spaces, the purpose of thiesrises and activities which should
occur in there, such things as furnishings andrathportant features of these investi-
gated indoor spaces. Thus, we have initial datgplamning of each step of measure-

ments. The further descriptions and explanatioagaen in the following chapter.

4.3 Description of the measurements

This chapter presents description of different mesments, technical devices which
were used for getting data for evaluation of indaorand the ways of investigation of
indoor environment. Each measurement is discugsetktails and also all relevant
materials such as photos, schemes and calculatrersttached. Investigation of target
sports facilities performed according to existingnslards and regulation which de-
scribe the process of measurements, the differags wf getting the correct data and
further analyzing of them. These standards are553, SFS 5512 and EN ISO 7726
which contain detail descriptions and requiremdatscorrect performing of meas-

urements. Also another standard was examinedRit&sian standard GOST 30494-96
which describes the better measuring methods feestigation of indoor environ-

ment. These regulations get us the answers onisymrtant questions like: how to

make a good measurement planning, how to choosmadse suitable measurements

locations, which measurements methods exist andlégHze utilized. The study of
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indoor climate should be carefully planned and grened in such way, that it gives us
the maximum information about the case. Thus alhsueements were performed ac-
cording to recommendations which were describeth@se regulation documents. As
was written above the most important physical patans which should be measured
and which give the full picture of indoor climatéuation are air humidity, air temper-
ature, airflow velocity, carbon dioxide level an@oor air pressure. Another thing
which should be noted is the measuring devices. ifisieumentations should used
according to the special instructions and recomrago which contain complete
with appliances. Also all calibration proceduressinbe performed before using of
devises. So, further there is an explanation arstrgeion of instrumentation and
measuring methods based on regulation documergaatf physical parameter of in-

door climate.

One of the basic physical values which affectscihredition of indoor environment is
air temperature. This parameter depends also cgralefactors: humidity of air, air
velocity and draught. All of them affect on the geal condition of indoor air and each
of them takes a role in forming of indoor climale.ts turn, the air temperature con-
sists of the radiant temperature (e.g. the tempezatf different surfaces such as win-
dows or radiators), heat losses from human bodyflamd other things (e.g. comput-
ers, fridges and other equipments) and so on. Uilmedd all thermal factors composes
the operative temperature. In fact, the temperaitiaér which is given in most regula-
tion documents and standards is operative temperdflne special device should be
utilized for measuring of air temperature during #xperiment — data logger. The
model of measuring device is Ebro EBI-20TH. Theralleview of this device pre-
sented at the figure 17. This device has one sigmf feature: it possible to make a
monitoring of air temperature and humidity valuesinly the some certain period of
time by using this device. Thus it possible to eclithe data and based on it to make a
curve which shows the air temperature changes. &lleanalyze how the temperature
changes according to any disturbance which candmapyto the target premises (e.g.
weather changes or some changes inside the byildvg can calculate the average
temperature for the whole day by using the datéenfperature measurements. Ac-
cording to ISO 7726 the desirable accuracy of naagus + 0.2 °C. The data logger
meets this requirement. Also, the measurement riorgais device is from -30 °C to

+60 °C. Some other kind of sampling devices whighalso used in research work
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have function as temperature measuring. But ahef can take only one single sam-
pling during some short period of time as 1 mindttaneans that some unexpected
factor can effect on result of measurements. Ia thgearch only data loggers were

used for air temperature measuring.

There are several methods of measuring temperatuneloor air. The description of
these methods is presented in corresponding s@sd@uite important thing is to
choose the right position for measuring points. DBasic concept of measuring the
temperature of air consists on next several idib@ssamplings should be taken from
the occupied zone of indoor spaces; the minimurtaiee from surfaces which cause
radiant temperature such as outer wall, radiatod \eindows to measuring point
should be higher than 0.5 meters — protection nitsgtagainst radiation; the number of
measuring points and total amount of samplings Ishexclude impermanent changes
and other undesirable effects on the final redudxperiment. These are the basic ide-
as and requirements which were taken into accoumlewhe air temperature was

measured.

FIGURE 17. Ebro EBI-20TH. Monitoring of temperature and humidity of the air

The next physical value which affects on total abod of indoor climate is air hu-
midity. This value was measured with data loggeo dlecause this device can make
samplings of air temperature and air humidity lemgbarallel. It should be noted, that
there are two main ways to express the value af tevel of humidity in the air. The

air humidity was expressed as relative and absdiutaidity. Both definitions are
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given in the standard ISO 7730, which gives infdrareabout ways of measuring and
detecting air humidity level. The main definition idea about absolute and relative
humidity also was given in the standard. The altediumidity is usually expressed in
grams of water vapour contained in 1 kilogram gfair and marked as [g/kg]. So, the
absolute humidity expresses the total amount oém&pour in any amount of air. In
contrast with it, the relative humidity expressedyothe relation between certain
amount of water vapour to maximum possible contéiiitin the air at the certain air
temperature and air pressure. The relative humieitgls are expressed as a percent-
age. As we can see, the air humidity level is qciibsely related with air temperature
and air pressure level. All of these three physieantities depend on each other. The
data logger expresses level of air humidity astikeahumidity. In fact, all require-
ments from regulation documents in regard to amidity were given like relative
humidity which expressed in percentages. Thus #ta kbgger is suitable instrument
for measuring humidity level. It should be notedttthere are two ways of determina-
tion of humidity: direct and indirect. The direceyvmeans applying any special in-
struments such as dew-point or electrolytic. Tltkrett way means measuring several
physical parameters and processing of them. Thesetitjes are temperature and ab-
solute humidity of air and pressure level. All béi should were measured simulta-
neously. After that we should made a calculatiocoeding to the obtained data. In
this bachelor work both ways of investigation wetgized. The results of research

were presented further. /15, p. 3./

The measurements of air humidity were performedsigg the same way as measur-
ing of air temperature. The disposition of meagyooints in case of air humidity
measuring is absolutely equal to disposition of sneag point while the air tempera-
ture was sampled. As was said above, the datarladjgevs collecting data during the
long period of time. So, the final result of aimjgerature and humidity looks likes
monitoring report. As in case with air temperatimere are also several rules for prin-
ciple of air humidity measuring. First of all, alindows into premises must be closed
to prevent influence of outside weather. Also k&tter to write down the quantity of
humidity level for outside air according to thedmhation from local meteorological
station. The number of measuring points should garteany possible extra influence

on the final result. All measurements were perfaraecording to these rules.
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The third physical value which is important in fong of thermal climate is air veloci-
ty. In fact, the thermal climate was expressedhgd main physical characteristics:
air temperature, air humidity and air velocity. Tieéation between these three param-
eters was shown at the figure 2 into the chaptef Bis thesis. In its turn, thermal
climate with several parameters compose the indibmate. Actually, the most suita-
ble term for expressing the speed of air isn'tjtis# velocity, but the velocity of air
movements or even the draught - the key word i deifinition is "air movements".
The typical range for velocity of air movementsoods is lay from 0.1 to 0.3 m/s. The
term air velocity is appropriate for expressingfvelocity in ventilation ducts. In the
duct velocities (air flow, air jet) can reach 5-7smor even higher. So, the most inter-
esting quantity which should be measured is thecisi of air movements. The limit
values for that physical parameter were given irstmmegulation documents and ex-

pressed in the unit [m/s].

The air movements can be characterized by usinthandescription. This description
is based on the principle that air temperature, itlitynlevel and air movements take
role in forming of thermal climate. Thus the sec@xgression of air movements de-
pends on the rest two physical factors: air tentpegaand air velocity. The draught
rate or DR is another quantity for velocity of aiovements. The unit’s of this value is
percentage of draft rate. The Swema air 300 wégadiin the experiment of this re-
search work. This device can measure air tempesatefocity of air movements and
draught rate (based on three minute averages)diidferate calculation is based on
three values: air temperature, turbulence intereity velocity of air movements. In
this way we should apply certain equation which wascribed in the next chapter.
The standards CR 1752 and ISO 7730 contain reqairesior target values of DR.

Measuring of air movements should be performedralng to certain set of rules and
requirements which are given in several appropstdradards. The measurement point
must locate at the certain distance from any pikesdurce of disturbance of air envi-
ronment — protection distance. The possible sowtas environment disturbance are
terminal units of air ventilation systems, openaaws, openings through doors, win-
dows or external walls and so on. Duration of samgglshould be at least more than 1
minute. The amount of measuring points and thepasition should prevent any pos-

sible interference and disturbance for performirigrasearch experiment. As said
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above, for measuring of air movements and draugfiet the special instrument was
utilized — Swema Air 300. All samplings were helg $pecial very sensitive probe.
Measuring range of this device is from 0.05 to 3.nihe sampling interval 0.1 sec.
Accuracy of the device is £ 0.03 m/s. All of thdasehnical parameters meet the re-
qguirements from regulation documents totally. Therall appearance of device pre-

sents at the figure 18 below.

FIGURE 18. Swema air 300 with probe

Carbon dioxide (CO2) level of indoor air shows fhaities of air. Level of CO2 in-
volved in forming of quality of indoor air. This péical quantity is quite important
especially for indoor environment of sport facdgi It's so because the sportsmen
need more oxygen while some physical activitiesewmrformed. According to stand-
ards which describe the process of measuring trereseveral rule and requirements
for sampling of CO2 level. The best time for measyis the end of the day — the
worst case. In this case indoor air contain maxinamount of carbon dioxide. If the
results of samplings will meet the required limitssuch worst case it means that in-
door air quality is suitable for sure. The measwet® must be performed in such a
way that avoids the effect from breath of persomw whrforms the measurements. Al-
so the possible effect on result of measuring ftbenopen windows and other open-
ings must be taken into account by researcheadnrhainly all measurements should
held in a situation when all possible random effextdisturbance are prevented. Dis-
position of measuring points should be organizeduch a way that to get a results

which are as closest to real situation as it ptessib
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Special instrument was utilized for measuring aboa dioxide level. This is the TSI
460 airflow. There are quite many modificationgto device. The special probe was
applied with main device for research of indoor quality and getting samplings of
CO2 level. The TSI can collect the data by defimgdrvals of time. It's quite useful
for monitoring of situation with CO2 level. Duratiaof sampling during the research
was 1 minute for each of three cases. Possibleerahgamplings is from 0 to 5000
ppm. Unit ppm was utilized as CO2 level's units ane€lans amount of particles per
million. Accuracy of instrument is = 3 % or = 50mpp@and resolution of samplings is 1
ppm. The technical parameters of instrument comaplly requirements of standards
for performing of measurements totally. The oveaglbearance of the device presents

at the figure 19 below.

FIGURE 19. TSI 460 Airflow with CO2 probe

Finally, the last physical parameter which hasuiafice on the indoor climate quality
and were considered and measured in this reseanthisvpressure level of indoor air.

In fact, there are several terms of pressure |@v&rpressure, underpressure and abso-
lute pressure. The overpressure and underpresstine difference between absolute
pressure level of indoors and outdoors. This playsguantity involved in forming

indoor environmental conditions and may effect onealth of a sportsmen. So, it's
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quite important to know and to control the presdekel. The units of pressure are
different. In practice, it's usually Pascals [Pdjigh are part of International System
of Units - SI. One Pascal is equal to one Newtanspeare meter [N/fi Also some
other units can be applied for describing of pressevel, such as bar, technical at-
mosphere [am] and standard atmosphere [atm], neiténs of mercury [mmHg] or
meters of water column [mW]. Very often bars wetdized in HVAC systems for
measuring of different of pressure between anytpaim some system. Also some
measuring instruments such as pressure manometeexdmple have bar marking
scale. Technical atmosphere pressure is quite thosendard pressure of atmosphere
and equal to 101.325 kPa. In meteorological pradtie millimeters of mercury were
utilized. The standard atmospheric pressure isldqué60 mm of Hg. Next equation

shows the relation between all of these units:

1 bar = 100 000 Pa = 100 kPa = 1.02 at = 0.987=a7%0 mmHg = 10.197 mW (1)

Into this research work the direct way of measurgmef indoor pressure level were
applied. For these purpose two instruments wetizedi First device is Alnor AXD
530. It's a micromanometer which can measure diffeal pressure. Thus this device
intended for fixing of underpressure or overpresdevels indoors or outdoors respec-
tively. The scale marked in Pascals. The rangamipsings lays from -250 Pa to 2500
Pa. Accuracy of measurements is about £+ 1 %. Abheke parameters meet the re-
quirements for instruments which are describecegulation documents. The overall
appearance of device presents at the figure 20nbéllbe device equipped by two
pipes with open ends. The process of measureménotimpes indoors. One open-end of
first pipe should be located outdoors while theosélcopen-end of pipe — indoors.
Thus the display of instrument shows us the diffead pressure level between open-
ends of pipes. In other words the device fix thiéedence between outdoor pressure
and indoor. The best measuring point is near timelew or another opening in outer
wall. All factors which can effect on the resultrakasuring should be taken into ac-
count. These factors may be wind outside the mgldwhich can be too strong and

have influence on the pressure level near opersepipe, rain and so on.



57

FIGURE 20. Alnor AXD 530. Micromanometer with tubes

Second way of measuring pressure is direct measmsnof absolute pressure level
indoors. For that purpose the Aneroid barometerewsilized. The construction of

device is quite simple in comparison with elecinstrument Alnor AXD 530. The

aneroid barometer is quite common instruments feasuring absolute pressure level.
The first such devices have been used in the I&ttury. Nowadays the aneroid ba-
rometer apply as measuring instruments almost edase in meteorological and pri-

vate practice, for research of environment and soTdhve measurements of indoor
pressure level were performed by using barometéchwlias manufactured in USSR.
The scale marked in kilopascals and scale resoligid00 Pa. Approximate accuracy
of measurements is + 50 Pa. The overview of thésriments presents at the figure

21.
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FIGURE 21. Aneroid barometer. Absolute pressure lesl

The process of measuring is quite common for a#idhypes of buildings. The main
principles were described in appropriate regulaioosuments. The devices must be
utilized according to the manuals. Calibration bfimstruments performed and pre-
sented at appendix 1. Some calibrations performedpecial organization which
forms a calibration report for device. All such oefgpresents at appendix 1 also. Some
others calibrations performed by researcher acegrth the instructions. The main
goal of calibration is to show adequate and coedecesults of measuring. While the
measuring performed all parameters of outdoor enwental should be fixed in
measuring report according to the data of metegrcdd service. In this research work
next physical quantities of weather conditions wetred: temperature of outside air,
outdoor absolute pressure level, humidity levediof Also the time and data of meas-
uring should be fixed in the report. The best wayesearch the indoor climate of
some certain premise is to measure several physacameters at the same period of
time. It's so because general quantities of inddianate are quite interrelated between

each others. One parameter effects to others. @steviay to describe this approval is

to consider the equation (2):
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PV = nRT:%RT @)

This equation describes the ideal gas law and tedsdsby Emile Clapeyron in 1834.
The equation shows interrelation between absolgsspre of gas P, volume of gas V,
temperature of gas T. The n is the coefficient Whiescribes the relation between
mass m and molar mass of the gas M. R is the Balimnconstant. This approval
(ideal gas low) is quite corrected for descript@ireal gas conditions. So the meas-
urements should be performed at the same condiéindsat the same time. Otherwise
we get uncorrected results. Because at some cersdile of pressure we get some
certain values of temperature and volume, at angifessure level we may get other
values of temperature and volume. Because of ittbasurements in all sport facili-
ties were performed during the 1 hour at the ewgmicommonly. Description of

measurements features for each sport facility ptesento further article.
4.3.1 Air-supported structure

Research of indoor climate into air dome is thenmgoal of this bachelor thesis.
Measurements of indoor environment in rest two tsfamilities were performed with
purpose to compare the indoor climate quality imtodome with indoor climate in
other typical sports facilities. This article dabes the features of measurements in air

supported structure.

The points of samplings were chosen accordingdomenendation in regulation doc-
uments. Also there is one feature of choosing nmreaspoints. The measuring devic-
es shouldn’t prevent or interrupt of sports procesgrkouts. Thus devices cannot be
installed somewhere on the soccer field. Because agvices were installed on the
perimeter of dome close to outer shell of dome. Jdraplings of all physical parame-
ters were performed during workouts and in the @nday. This is quite main condi-
tions for measurements — to fix the result abodbar climate condition in the worst
period of time. This requirement was common for saeaments into all sports facili-
ties. Duration of samplings was different for eaehtain type of measurements but all
of them were carried out during one day. Also kegigators of weather condition

were fixed into research report while the measurgm&ere performed. It's quite
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important thing to know the weather outside of spdacility because it can have di-
rect impact on the final results of research. Wthke measurements in air dome were
carried out the parameters of outside environmadtriext values:
v" Outside temperature +2 C°
v' Relative humidity - 92 %

v Precipitation - dry, drizzle

These data should be taken into account when laé riesults of observations will be

calculated and final results will be compared.

The measurements of air temperature in air dome werformed by using three data
loggers. This device also records samplings oftivelahumidity of indoor air. The
monitoring both parameters were held during 17 iénam evening to morning. Prior
to use data loggers were calibrated according gqoirements in regulations docu-
ments before using. Measuring points were chosetiifiarent parts of air dome in
order to get the data about temperature and reldimidity in wider area of sport
facility. These points are 1, 2 and 3. The dispasiof measuring points presented at
the figure 22.
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FIGURE 22. Measuring points in air supported strucure
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The value of air movement was measured by usingdewvice into the same three
places where data loggers were placed. The durafisamplings was 3 minutes. All
of these points located quite far from flow of slypgur. Such disposition of samplings
points prevent sudden disturbance of air closéeadevice’s sensor. Thus we can get
the mostly correct data of air velocity range itite air dome. The same situation was
with measuring carbon dioxide level. Special eqephwas fixed at the table for get-
ting samplings of CO2 level. Duration of measuretsemas about one hour. During
this time the device was sampled the CO2 level @aiclute. All data was recorded

and presented at the chapter below.

The measuring of pressure level inside the air dosa® performed by using barome-
ter aneroid only. As was written above there istla@oinstrument for measuring in-

door air pressure level — micromanometer with twbes. One open end of tube
should be fixed outside of building, the open efdecond tube — inside. But the

structure of all air domes has one common featine:envelope of dome insulates
indoor space from outdoor space and there is namparings in envelope of dome as
a window for example. The special revolving dokela gateway used for entry to air
dome usually. So there are no possible ways tonis®manometer. The next method
was applied to define the pressure difference batveaitdoors and indoors: barometer
was installed outside of air dome and, then, infidedome. The values of measure-
ments were compared between each other and theeattitfe show us the quantity of
overpressure inside the air supported structure.vEhtue of overpressure is quite im-
portant indicator for air supported structures. ®lierpressure level is one of the ele-
ments of load bearing capacity of air dome. Spesugiply air devices maintain the

pressure inside dome on a certain level. This B @hprerequisites for measuring

pressure level in air dome. The second prerequositesearch pressure is influence of
overpressure level on overall health of athletgsmi@asuring of pressure level we can

check it and define is the values lay in acceptedoige or not.

At the figure 23 presented the overview of meagupaint 1 in air dome. The barom-
eter, CO2 probe and data logger were installetleatable. The samplings were taken

while workouts occur.



FIGURE 23. Monitoring of indoor climate in air supported structure

4.3.2 Sport hall

The monitoring of indoor climate condition in spdrall was performed during
workouts mainly. For measuring of air temperaturd humidity level was utilized a
data loggers. This device was fixed at the wathefhall by scotch tape in points 1, 2
and 3. The disposition of these points illustradethe figure 25 below. The method of
fixation devices is shown at the figure 24. The suesg points were chosen in such a
way to prevent any external influence or impactttom sensor of the device. For ex-
ample the data logger was installed quite far fi@mdow to prevent influence of ra-
diant temperature due to window surface on thel fiasults of measurements. The
monitoring of air temperature and relative humidéyel were carried out during the
24-hours.



FIGURE 24. Mounting of data loggers on the walls
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FIGURE 25. Measuring points in sport hall

The measurements of CO2 level were held duringwioest” period of time in terms
of indoor climate quality. The worst period of tingeat the end of the day and during
the workout, when the sport activity on a high leWeshould be noted that all win-
dows were closed at time of measuring. All instrateevere covered by net of the

goal and located in the measuring point 4. Theoyettircle at the figure 26 marks it.



FIGURE 26. Covering of instruments by net of goal

The average value of air movement rate was defyealsing Swema air 300. This is
device with very sensitive probe. The measuremeetg taken during sports activi-
ties in the hall. The duration of samplings wasut®minutes. The measuring points
were chosen on the perimeter of playing zone. Thasurements of air movement
give us data about average air velocities in séyarats of sport hall and draft rate
also. The process of samplings illustrated at theguré 27 be-

low.

FIGURE 27. Measurement of air movement in sport hal
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While the measurements in sport hall were carrigctlee parameters of outside envi-
ronment had next values:
v" Qutside temperature -1 C°
v Relative humidity - 87 %
v Precipitation - dry

4.3.3 Gym

Third object of measurements is gym. The gym cémsistwo rooms. First room in-
tended for martial arts, yoga and other group spactivities. The second room con-
tains fitness machines and different sports equippmEhe measurements were per-

formed in both rooms. Measuring point was locatedoading to the scheme at the

figure 28.
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FIGURE 28. Measuring points in gym

The air temperature and humidity level were meakbyeusing data logger. The dura-
tion of measurements was about 18 hours. Devices wwstalled at points 1, 4 and 6.
It should be noted that outer walls of both rooroatain windows along the entire
length. This fact plays a role in forming of thefncimate in the whole spaces of
rooms. Also there is another thing which can affettthe indoor climate. The gym
equipped with mechanical ventilation system. Aindil@d unit located into duct and
consist of fan, filter and heat coil inside ducanéo air intake. Air intake installed
above the window in outer wall of the gym. Suppletspread fresh air on the whole
area of gym. In its own turn the exhaust duct pievine suitable air exchange. The

thermometers installed on both sides of air handlgtland show the temperature of
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intake air (outdoor air) and supply air. The valwésair were recorded. While the
measurement of indoor climate was carried out,témeperature of intake air was
about 10 °C and the temperature of supply air vieasita23 °C. The AHU illustrated

at the figure 29.

FIGURE 29. Mechanical ventilation in gym

The measurements of carbon dioxide level performbite the athletes were inside
the gym. At the same time amount of athletes wecerded in order to control the
changes CO2 level according to the number of ableho were involved in workout.

The samplings were taken in measuring points 2%anduring the whole measure-
ments the windows were closed. The pressure leaslsampled by using special de-
vice which allow fixing the difference between oot and indoor pressure level. Al-
so sampling of pressure was done by barometer. &otie result was compared be-
tween to each other. The using of both devicesvallgetting exact values of relative

pressure and absolute pressure level.



FIGURE 30. Measurements of pressure difference inygn

Finally, the measuring of air movement rate wasqoered at the same way as in sport
hall. The duration of measuring is 3 minutes. Tém@glings were taken into few

measuring points: 2, 3 and 5. The process illusdrat the figure 31.

FIGURE 31. Measurements of air movements in gym
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While the measurements in air dome were carriedhmiparameters of outside envi-
ronment had next values:
v" QOutside temperature +2 C°
v" Relative humidity - 90 %

v’ Precipitation - drizzle

The practical part of research work was completddimportant features of meas-
urements were noted and described. The measurehelifterent parameters of in-
door climate yielded a big amount of results. Tésuits should be handled, corrected
and summarized. After that we can evaluate theitguafl indoor climate in sport fa-

cilities.
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5 RESULTS

This chapter contains the description of calcutatod processing of the final results
of measurements. All measuring data were analygsddsammarized. Based on this it
possible to make several conclusions and get theituure of indoor climate condi-

tion in sport facilities. The chapter contains mmi@tion about finish results and the
descriptions of methods of handling these resilisdetailed data of measurements

were contained in appendixes in reporting tables.

5.1 Calibration and calculation

The article describes the methods of calibrationl@fices and the ways of handling
the getting data. All data which were recorded byices must be analyzed; all rela-
tive calculations must be done. Only after thgtassible to make some conclusion

about the research works.

All instruments must be calibrated before usinglyOn that case it possible to get
results which described the condition of indoomelte similar to real situation. Cali-
bration of some devices can be done only by matwifacof that device. In that case
the organization tests the device and compareddtewhich the device shows with
real values. The service of devices should be pedd periodically according to the
requirements in manual to each certain devicerunstnts with very sensitive sensor
or probe are serviced by the manufacturer usudligh type of devices may fix very
precise difference in measurand. For example, then®& air 300 was calibrated by
manufacturer before this research work. As a facabbration, the manufacturer ap-
ply reference document with key values and desonpdf calibration methods - cer-
tificate of calibration. Also the calibration allewgetting the information about accu-
racy of samplings of the device. The reference dwu of Swema air 300 calibration
presents in the appendix 1 of the thesis. The sea@y to calibrate the instruments is
to applying some methods of correction the redolt®ach certain kind of measuring
devices. Further provides the description of thes¢hods of calibration for each in-

strument.
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The calibration of devices for measuring of carhiioxide level was done by using
special balloons with already known gauge valuesasbon dioxide level. One bal-
loon contain O ppm of carbon dioxide; the secord80 ppm. These balloons were
supplied with the main instrument TSI 460. The jpsof these balloons is the cali-
bration of the device. The probe of TSI 460 wasneated absolutely hermetically to
the first balloon with O ppm of carbon dioxide ahd samplings were taken. Then the
device was connected to the second balloon andaime process was repeated. After
that the values from display of instruments wenmpared to the real gauge values of
carbon dioxide level in both balloons. The calilmatcurve was drawn according to

the results of comparison. The graph of calibratllostrated at the figure 32.
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FIGURE 32. The curve of calibration TSI 460

As we can see, the actual readings of instrumédittteabit differ from the gauge val-
ues. Also the curve describes the next relatiomhigher the value of ppm, the bigger
deviation of actual data from gauge data. Whilertbsd amount ppm of carbon diox-
ide is 1000 the device shows the 1029 ppm of cadioxide. It means that in range
from O to 1000 ppm the biggest deviation is 29 ppintarbon dioxide. Almost all
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results of measuring CO2 level in sports faciliteee within this range. In fact the
special correction coefficient must be added tdiadll data after calibration of device.
But it should be noted that according to manuahefTSI 460 the accuracy of meas-
urements is = 3 % of reading or 50 ppm, whichesdrigher. The 3 % from 1000 ppm
means that the deviation is 30 ppm. It means tietcalibration of the devices show
that the instruments readings are within the péssdnge of deviation. So the correc-
tion coefficient is not mandatory for applying todl results. All data of measuring
carbon dioxide level could be considered as a fiaault without correction coeffi-

cient.

The monitoring of air temperature and relative hditgilevel were performed by us-
ing three data loggers. Sometimes data loggersivaw the different readings even if
they installed at the same location. The analyaimg) summarizing the data from these
devices is more complicated without correction aplings. The way of calibration
the data loggers is comparison the readings ofcdevibetween each other. For that
purpose it's useful to create the table of data d&ta loggers were placed at the same
measuring point for a one hour. During this perwddime data loggers measured the
air temperature and relative humidity level oneeetiper each 10 minutes. The sam-
plings were combined in the table 10. The valuesvshin the table 10 are average for

each parameter for one hour of measuring.

TABLE 10. The average values of samplings by datadgers

Data logger No. 1

Data logger No. 2

Data logger N8

Air temperature, °C 21.7 22.0 21.9
Correction coeff. +0.2 -0.1 +0.0
RH, % 41.5 42.3 42.7
Correction coeff. +0.8 +0.0 -04

The calibration of data loggers allow to get catietcoefficient for final data of each
instruments. Due to these coefficients the finissutts of measuring describe the in-
door climate condition quite closer to real sitaatiThe evaluation of indoor climate

guality becomes more accurate and correctly.
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The article contains description of all key caltiolas ways which were utilized for
handling of measured data. The draft rate was medday using instruments Swema
air 300 which is programmed with certain equatidhe equation of DR calculation
presents in the standard ISO 7730 and CR 175X%&onple. Also for each sport facil-
ity the calculation of PMV and PPD indices was perfed. The input values for this
calculation are clothing, air temperature, activéyel of sportsman (metabolic rate),
air velocity and relative humidity. Such parame@ssir temperature, relative humidi-
ty and air velocity were measured by differentumstents. Other values were getting
according to the appendixes of the standard IS®.7F8r example, in this research

work the value of metabolic rate and clothing iasioin were chosen according to the

typical physical activity of sportsman. This valgesqual to 4 met or 232 W/m2. The
input value insulation of clothing also was chosgual for all three sport facilities.
For that purpose the insulation of clothing forteaertain thing of sport garment were

summed in the table 11. All data were given fromttible

TABLE 11. The clothing insulation of sport garment

Garment description e, Clo e, M° K/ W
underwear 0.02 0.003
shorts 0.06 0.009
t-shirts 0.09 0.014
socks 0.02 0.003

Shoes (thin soled) 0.02 0.003
Sum of clothing 0.21 0.032

As we can see from the table 11, the insulatioalathing of typical sport garment is
equal to 0.21 clo. The full equations for calcuatof PMV and PPD indices are pre-

sents in the standard 1SO 7730.
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5.2 Air-supported structure

The article contains the final data of measuremants monitoring of indoor climate
parameters. All measured data were handled angzmtalThe common way to pre-
sent the results is to use the graphs and tablesrdsults of measuring each certain

parameter presents separately.

The air temperature and relative humidity are tinst indoor climate parameters
which were considered. Although the measurementdoas in three points, the curve
of monitoring illustrates only the data of measgriinom first points. Because the
monitoring in these points showed that the charamteir temperature and relative
humidity changes is the same in all three pointsiarall indoor spaces of dome re-
spectively. It's shown at the figure 33 below. Theasuring data in rest two points is

expressed by average values which shown at theeB@2b.

The key values of air temperature and relative klitynmonitoring:
Duration of measurement: 17 hours

Interval of samplings: 10 minutes

No. of measuring point: 1

Average value of air temperature: 17.6 °C

Minimum of air temperature: 16.6 °C

Maximum of air temperature: 20.4 °C

Average value of relative humidity: 37 %

Minimum of relative humidity: 34.7 %

Maximum of relative humidity: 40.8 %

Outdoor air temperature: + 2 °C

AN NN Y N N U N N SN

Relative humidity outdoors: 92 %

The curve of air temperature behaviour shows taiperature decreased during the
night time. The one possible reason for that deongas natural cooling process dur-
ing the night which impact on the thermal climatedo light structure of outer enve-
lope of the dome — membrane. The second possi@®nas that the engineering sys-

tems of dome equipped with automatically time relag all systems switched on the
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night mode. This is a typical option of energy@ént system. Also according to tem-
perature curve it possible to suggest that thenthkclimate is quite unstable. Alt-
hough the curve changes quite slowly and smoothé/amplitude of temperature dif-
ferences is about 3.8 °C. This range is slightgatgr than the value which was given
in requirements. The classification of indoor eamiment requires that the air temper-
ature should be at the same level at least duingo&f operating time for example
/9/. The curve of relative humidity level is alkttit changeable or chaotic at the be-
ginning of monitoring. But then the behaviour ofnea became more uniform. The
possible reason of curve changes at the beginrnthe sportsmen which have
workouts at that time. The human is the main sowfcbumidity indoors especial
sportsmen which usually sweating during sport &as. One of conclusions of moni-
toring is that such enclosure as a membrane ofi@ime can’t maintain stability of

thermal climate inside.

The second measurement is a carbon dioxide les&larthe air supported structure.
Result of this measurement expressed by curve.s@h®lings were taken in single
measuring point while the few workouts occur. Thenber of sportsmen was record-

ed during the monitoring.

The key values of carbon dioxide level monitoring:
Duration of measurement: 1.5 hours

Interval of samplings: 1 minute

No. of measuring point: 1

Average value of carbon dioxide level: 655 ppm
Minimum level of carbon dioxide: 605 ppm

Maximum level of carbon dioxide: 685 ppm
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Average number of sportsmen: 29 persons

The behaviour of concentration curve is quite diffi for analyzing. The apparent
relation between amount of sportsmen and conceriraf carbon dioxide is compli-

cated for detecting. The one of the possible reagamthat is the great volume of the
air dome and the small operation area of probesifument in comparison with total

area of sport facility. At least it takes maybe enbme until the sensor of device start
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to detect the impact of amount of sportsmen ondédon dioxide level. Also it
should be noted that the curve changes are suddkn ait chaotic especially at the
beginning of monitoring. Further the range of chespecomes more stability. Also
the influence of sudden breathing of somebody whe @oser to the probe shouldn’t
be excluded. But generally the character of cutiva to make a conclusion about

average value of carbon dioxide concentration haddnge of its fluctuation.

The measurements of air velocities were performeallithree points. The samplings
were taken three times in each location. The aeevafue expresses the mean rate of
air movement. As was written above the instrumentnmieasuring air velocity can
calculate a draught rate also. Also the Swemaaairrecord minimum and maximum
values of air velocity during period of samplindhug this information allows to make
a suggestion about fluctuation of air velocity. Tiegative minimum values mean that
direction of air flow is close to zero. In calcudat of average is performed by operat-

ing with absolute magnitudes. The results of meagwsummarized in the table 12.

TABLE 12. Results of measuring air velocity in dome

_ _ Air velocity, m/s
No. measuring point : Draught rate, %
min | average max
1 0.153 | 0.374 | 0.593 37.8
2 0.000 | 0.268 | 0.341 23.2
3 0.000 | 0.310 | 0.402 24.5

The key values of air movement measuring:

Duration of sampling: 3 minutes

No. of measuring points: 1, 2 and 3

Average value of air velocity: 0.317 m/s

Maximum value of air velocity: 0.593 m/s (point NIp
Minimum value of air velocity: 0.000 (point No 2&R)

Fluctuation of air movement: 0.593 m/s
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Average value of draught rate: 28.5 %
The results show that the greater air velocityhia point 1, which is close to the en-

trance revolving door. The higher magnitude of tihation also was sampled in first
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point. Such situation looks logical. Generally tr@due of air movement in rest parts
of dome is quite suitable and the fluctuation of\alocities is stable. The pressure
level was measured by using the barometer whicliessps only absolute pressure
level. The barometer was installed at the tabledeshe air dome for an hour. The
instrument should become to steady state. In @t the barometer shows the correct
value. After that the barometer was installed ol@of facility for measuring atmos-
pheric pressure. The difference of these valuesesgps the magnitude of overpres-

sure inside the air dome. Results of measuringiasn in the table 13.

TABLE 13. Results of pressure measuring in air dome

Internal pressure level, kPa 101.6 £ 0.05
Outer pressure level, kPa 101.3 £ 0.05
Magnitude of overpressure, kPa 0.3+0.05

The measuring of pressure level show that the nadmiof overpressure inside the air
supported structure is about 300 Pa and £ 50 Ra adcuracy of barometer. The total
pressure inside the air dome was 101 600 Pa. Sedsyre level was created by air
supply system also. It's enough for supporting délesure membrane of dome. The
all results of measuring were described and andlya# data which were obtained

during the investigation of air supported structare summarized and illustrated at

the scheme of air dome at the figure 35.

=Ty PI=I
t=178°C t= 180
RH=34% RH=31%
V=0310m/s V=0.268 m/s
P=101.6 xPa t=17.6°C
CO: = 655 ppm RII=37%
V=0.374m/s
\ 0 ,
@ [ ] "

FIGURE 35. Final results of measurements in air dom
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The quality of indoor climate is expressed by ddfg parameters and many of these
factors were measured and analyzed except two: RNMYPPD indices. These two
factors describe the satisfaction of occupants witloor climate quality. The magni-
tudes of indices may be calculated according tainbtl final result of research. The
method of calculation and equations are given énl80 7730. But it should be noted
that these type of evaluation is more suitableiridoor climate in such premises as
offices, classrooms and so on. The PMV and PPxésdere applied as an approx-
imate evaluation of indoor climate in sport fagdg. Next values of different parame-
ters were used in calculation of PMV and PPD inslice
Clothing insulation: 0.21 clo
Air temperature: 17.6 °C
Metabolic rate: 4.0 met
Air velocity: 0.262 m/s
Relative humidity: 37 %
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The result of calculation is illustrated on theufig 36.

PPD, %
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FIGURE 36. PPD and PMV values for air supported stucture
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According to calculation next values was obtained:

v  PMV=0.9

v PPD=22.1%
The magnitude of PMV and PPD indices shows thatlieemal comfort in air sup-
ported structure is quite suitable but not greatare than 20 % of sportsmen will be
dissatisfied with indoor climate. According to tiiandard CR 1752 the obtained val-
ues a little bit low than category C of classifioatfor example. The overall compari-
son of indoor climate parameters with requiremeantgegulation documents and

guidelines is given in article 5.5.

5.3 Sport hall

The principal of measuring method of air tempetand relative humidity in sport
hall is the same which was applying in air domee @ata loggers were installed ac-
cording to measuring point’s disposition whichligstrated at the figure 25. The dura-
tion of sampling during 24 hours allow to consid#éroperating processes which can
occur in sport hall. For example, the indoor cliemabndition during workouts and
during night time when engineering system workedonomy mode. All key infor-
mation is given in the list below:

v Duration of measurement: 24 hours
Interval of samplings: 10 minutes
No. of measuring point: 3
Average value of air temperature: 21.2 °C
Minimum of air temperature: 20.5 °C
Maximum of air temperature: 21.5 °C
Average value of relative humidity: 24.4 %
Minimum of relative humidity: 20.8 %

Maximum of relative humidity: 26.9 %
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Outdoor air temperature: - 1 °C

<

Relative humidity outdoors: 87 %

According to sampled data curves of monitoring divetemperature and relative hu-
midity were created. These curves are shown dighee 37. The average value of air
temperature is 21.2 and it suitable according anddirds. The range of temperature

during the monitoring is about 1 °C and it alsotgsimall changes so the thermal cli-
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mate is stable in sport hall. Thus the behaviouteaiperature curve also looks con-
stantly. Interesting moment is that the magnitutiéemperature is lower during the
day workouts in contrast with night time where teperature is higher. The curve of
relative humidity looks more unstable especiallyhe beginning of monitoring. The
range of relative humidity is about 6.1 %. The fliation can be explained by
workouts which were occurring during day and evgnifhe sportsmen usually sweat
at workouts and total amount of water in air insieg. The middle magnitude of rela-
tive humidity is quite small as amplitude too. Shikictuation of humidity in air is
testifies about stability state of indoor enviromnin sport hall. In general the indoor
climate is quite dry. Such assumption can be maderding to average value of hu-

midity and according to standards.

The measurement of carbon dioxide level was peddrnvhile the sport game has
occurred in hall. The measuring device was protefriem any sudden impact. Thus
the probe was installed as close to potential emsitbf carbon dioxide as it possible.
The main emitters of carbon dioxide in indoor sgaeee a human. The overall
amount of sportsmen was recorded during the mongolt should help to detect the
relation between amount of persons inside spoltamal CQ level. The key values of
carbon dioxide level monitoring in sport hall:

v" Duration of measurement: 3 hours
Interval of samplings: 1 minute
No. of measuring point: 4
Average value of carbon dioxide level: 566 ppm
Minimum level of carbon dioxide: 551 ppm

Maximum level of carbon dioxide: 594 ppm
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Average number of sportsmen: 10 persons

The curve of carbon dioxide monitoring is showthat figure 38. The average level is
meeting the requirements of standards. Fluctuadio@QO2 level is laid in suitable
range — 28 ppm. The curve of monitoring looks artmbnstantly. But entirely the line

of trend is related to amount of sportsmen excaptperiod of time. This point can be
detected by comparison of @@urve and histogram which expresses the amount of

sportsmen.
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The measuring of air movements was performed dlmseeasuring points 1, 2, 3 and
4. So the air velocities were sampled on the peaama game zone of sport hall. All

results of measuring given in the table 14.

TABLE 14. Results of measuring air velocity in sparhall

_ _ Air velocity, m/s
No. measuring point : Draught rate, %
min Average| max
1 0.000 | 0.158 | 0.310 194
2 0.000 | 0.145 | 0.357 20.7
3 0.000 | 0.118 | 0.672 18.1
4 0.118 | 0.299 | 0.579 40.5

The key values of air movement measuring in spalit h
Duration of sampling: 3 minutes
No. of measuring points: 1, 2, 3 and 4

Average value of air velocity: 0.180 m/s

v
v
v
v' Maximum value of air velocity: 0.672 m/s (point ISp

v" Minimum value of air velocity: 0.000 (point No 1-3)

v" Fluctuation of air movement: 0.568 m/s

v' Average value of draught rate: 24.7 %
The measurement shows that greatest average agmamt was recorded in the point
4. This point located near to single window in $p@il and such result is predictable.
Also the interesting situation was in point 3. Thggest fluctuation may be explained
by sudden single air flow (draught) during the skngp All values of air velocities in
sport hall illustrated on the figure 39 accordingrieasuring points. The measuring of
air pressure level was done by using micromanonetdrbarometer. The barometer
was installed in the point 4 for an hour. In th@m we get the magnitude of internal
pressure level. Then barometer was installed caitgicgport hall. The micromanome-
ter was used as second instruments for air pressessuring. The tube was laid

through the window. All measuring data is giverha table 15 below.



TABLE 15. Results of pressure measuring in sport Ha
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Internal pressure level, kPa 101.25
Outer pressure level, kPa 101.3
Difference, kPa 0.05

The difference between outer and indoor presswmeldas about 50 pa. This magni-
tude is underpressure level inside the sport Railll data of measuring illustrated on

the plan of sport hall at the figure 39.

o t=212°C
R =24.4 %

TTTTTIOr T TTTTITTITTTTTT

1 I |

= t=215°C
i)g :> <§) <RH=2&1%
g t=21.0 VFO.MS m/s
LB / RH =277 L F
P#101.25kPa | Vv=0.158 m
CO2 = 566 ppm =

FIGURE 39. Final results of measurements in air dom

For evaluation the indoor climate in sport hall PMid PPD indices should be calcu-
lated
v

. These parameters calculated according todkeinput values:
Clothing insulation: 0.21 clo

v' Air temperature:; 21.2 °C

v" Metabolic rate: 4.0 met

v Air velocity: 0.299 m/s

v" Relative humidity: 24.4 %

The result of calculation is illustrated on theufig 40.
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FIGURE 40. PPD and PMV values for sport hall

According to calculation next values was obtained:

v PMV =13

v PPD=40.3%
The calculation shows that the thermal comfortdaghe sport hall isn’'t so suitable.
Obtained values of PMV and PPD show that thereaborit 40 % of sportsmen who
dissatisfied with thermal climate condition. Thesarf the main reasons for that is air
temperature which is a bit greater. The high agtidvel of sportsmen and increased
metabolic rate require colder thermal conditionsdlt should be taken into account
that these indices aren’t show the exact situatiosuch type of buildings as sport
facilities. Calculation of these values is basedsoch factor as activity level which is
quite high for sport facilities. This is a one pbss reason of that the PMV and PPD
indices are pretty approximate for evaluation dfoior climate in sports facilities. The
overall comparison of indoor climate parameterfi\w#quirements in regulation doc-

uments and guidelines is given in article 5.5.
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5.4 Gym

The third sport object is gym. This final articlentains data of measuring and moni-
toring of main indoor climate parameters. The meagwf air temperatures and rela-
tive humidity was performed in points 1, 3 and 5.
v Duration of measurement: 21 hours
Interval of samplings: 10 minutes
No. of measuring point: 3
Average value of air temperature: 22.3 °C
Minimum of air temperature: 21.8 °C
Maximum of air temperature: 23.1 °C
Average value of relative humidity: 34.9 %
Minimum of relative humidity: 30.8 %

Maximum of relative humidity: 42.5 %
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Outdoor air temperature: + 2 °C

<

Relative humidity outdoors: 90 %

According to the obtained data after monitorings thurve was created. The curve of
monitoring both parameters air temperature andiveldumidity is illustrated at the
figure 41. As we can see the curve of air tempeeasiconstant during all monitoring.
The fluctuation is small and equal to 1.3 °C. Tkerage value is 22.3 °C and it's
quite high magnitude for thermal climate especiailport facilities. Also it should
be noted that air temperature higher during thes @ay lower during the night time.
The curve of relative humidity looks chaotic in teginning of monitoring. The same
situation was observed in the previous sport f&edi It may be explained by the day
workouts. During the day fluctuation of the cursegreater than during the night when
the range is quite small and the curve is mordetdihe range of relative humidity is
about 11.7 %. The average value is 34.9 %. Thisnihadg is a little bit high accord-
ing to the requirements in regulation standardgelmeral, the overview of curve looks
logically: high fluctuation in the day and eveningsen the curve became constant and

at the morning when workouts started the fluctuateEnewed.
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The measuring of carbon dioxide level was donehan measuring point 3. All ob-

tained data are expressed by curve which is showhredigure 42. The key values of

carbon dioxide level monitoring in sport hall:

v

DN N N N N

Duration of measurement: 1 hours

Interval of samplings: 1 minute

No. of measuring point: 3

Average value of carbon dioxide level: 947 ppm

Minimum level of carbon dioxide: 697 ppm

Maximum level of carbon dioxide: 1225 ppm

Average number of sportsmen: 9 persons

The carbon dioxide concentration is a quite higgym. The average value is equal to

947 ppm. Also the curve behaviour is very unstable it includes many changes. The

range of carbon dioxide level is 528. The highedti® in comparison with both others

sport facilities. Such big concentration and quetlanges of concentration may be

explained by a bit small total area and volumehaf gym. The measuring was per-

formed during evening workout and there are wasutil®osportsmen inside. The

sportsmen are main source of carbon dioxide. Ih sagall volume the each new per-

son can impact on the probe of device faster thdreivolume of gym will be bigger.

But anyway such concentration may be in premise®rdong to some regulation

standards. The measuring of air movements was rpegfb close to measuring points

2, 4 and 6. All results of measuring given in thielé¢ 14.

TABLE 16. Results of measuring air velocity in gym

No. measuring point

Air velocity, m/s

Draught rate, %

min | Average| max
2 0.000 | 0.106 | 0.380 12.5
4 0.000 | 0.179 | 0.309 15.6
6 0.000 | 0.059 | 0.136 3.5
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The key values of air movement measuring in spalit h

Duration of sampling: 3 minutes

No. of measuring points: 2, 4 and 6

N N N N W N N

Average value of air velocity: 0.117 m/s

Fluctuation of air movement: 0.273 m/s

Average value of draught rate: 10.5 %

Minimum value of air velocity: 0.000 (in all points

Maximum value of air velocity: 0.380 m/s (point I2p
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The measurement shows that greatest average agmaoy was recorded in the point

2. This point located near to entrance in gym. Adrg to the obtained data it should

be note that the air movement in gym is quite sn¥die air velocity in the gym is

lowest in comparison with other sport objects. ydlues of air movements in sport

hall illustrated on the figure 43 according to meawy points. The pressure level in-

side the gym was measured by using both instrumdrdgsometer and micromanome-

ter. The data of measurements are given in the tahnl

TABLE 17. Results of pressure measuring in gym

Internal pressure level, kPa 101.4
Outer pressure level, kPa 101.4
Difference, kPa 0.00

The pressure level inside the gym is almost equaltinospheric pressure level out-

doors. The final result of measurements illustratedhe plan of gym at the figure 43.

t=223°C
RH=1349% |
V =10.059 m/s V=0179 m/s @
—  Ep_jg14kpa [ @
CO2 =947 ppm
V=0.106 m/s
NORE-
t=221°C V:0.179m/s
RH=344%
V =0.059 m/s

FIGURE 43. Final results of measurements in gym

t=21.8°C
RH=32.6%



92

For evaluation the indoor climate in gym PMV andPRdices should be calculated.
These parameters calculated according to the nput values:

v Clothing insulation: 0.21 clo

v' Air temperature: 22.3 °C

v' Metabolic rate: 4.0 met

v' Air velocity: 0.179 m/s

v' Relative humidity: 34.9 %

The result of calculation is illustrated on theufig 44.
PPD, %
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FIGURE 44. PPD and PMV values for gym

According to calculation next values was obtained:

v PMV=+1.6

v PPD=56.3%
Such big amount of dissatisfied persons showstheatemperature in sport facilities
should be lower at the level at least about 18€1.9Ctherwise the condition of indoor
climate causes discomfort of the sportsmen. Theathveomparison of indoor climate
parameters with requirements in regulation docusmant guidelines is given in arti-
cle 5.5.
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5.5 Comparison

This article contains report of all final measurugta in three researched sport facili-
ties. Obtained data was compared with mandatorydatds and most significantly
guidelines. These documents are: D2, Classificatiomdoor environment and ISO
7730. Also the set of requirements which was deezlobased on other documents
presented in comparison. In case when there asradexalues for different measuring
point, the worst value is used. Also the comparigbindoor climate quality was per-
formed between all sport facilities. The resulicofmparison was given in few tables
below. All cells can be marks by three colours:, ngglow and green. The red colour
means that this value does not meet the requirenadrthat standard which is com-
pared. Yellow colour means that the values almostect according to the standard
but not entirely. The green colour expresses tHectunformity with requirements of

regulation document.

v - - does not meet the requirement

v - almost meets the requirements

v - meets the requirements

TABLE 18. Results of measuring in air dome. Compagon with standards

COz, PPD,
T, °C RH, % V, m/s P, pa PMV
ppm %
17.6 37 655 0.317 101.6] +0 2211
D2 18 20-45 | <1200 101.3 - ;
Classification- >25S1

ISO 7730 | 21+£3.5,C -

Extra 18+0.5

Comparison shows that the indoor climate qualitpindomes almost comply with

requirements D2. All parameters meet necessaryesancept air velocity which is a
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little bit higher. Also it should be noted that thie pressure level is greater than it re-
quired. But the air dome is supported by overpmessevel inside the dome. This
pressure pumps by supply ventilation system. Thesat bit high values of pressure
level and air movements look quite logical. Relathumidity and carbon dioxide lev-
el even corresponds to category S1 of classifioaflthe indoor climate quality in air
dome entirely is suitable for performing workoutglasport competition. In compari-
son with extra requirements only single parameteetnthe suitable value — air tem-
perature. According to high activity level of smanen this magnitude of temperature

is much suitable.

TABLE 19. Result of measuring in sport hall. Comparson with standards

COz, PPD,
T, °C RH, % V, m/s P, pa PMV

21.2 24.4 566 0.180 101.21 +1[3 403

\"Al

D2

Classification

ISO 7730

Extra

In sport hall almost all parameters meets the requents of D2. But the value of air
temperature is more then it needed. The high PEBximay be explained due to this
fact. The best values are carbon dioxide leveltegmay S1; air movements — S3 and
C. So, the indoor climate quality is quite suitafde performing of workouts accord-
ing to all parameters except temperature. The dpltis equipped with mechanical
ventilation system and may be the heating coil BtAshould be adjusted on the low-
er air temperature. In this case the percent clatisfied persons should decrease. Al-
so the parameters of indoor environment do not ¢pmvjih extra requirements ex-

cept pressure level.
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TABLE 20. Result of measuring in gym. Comparison wh standards

COz, PPD,

T, °C RH, % V, m/s P, pa PMV
ppm %

22.3 34.9 947 0.179 101.4 +1J6 56,3

D2 20-45 | <1200 <0.3 101.3 - -
Classification <1200,S3
ISO 7730
Extra

The almost all parameters of indoor environmergyim meet the requirements of D2
except air temperature. This value is a higher thaequired. It is a possible reason
for great amount of dissatisfied persons accordinghe PPD. The carbon dioxide
level complies with D2 but according to classifioatit's the category S2. The rela-
tive humidity meets the extra requirement. Air moeat corresponds with categories
S2 and B of classification and I1ISO. The indoor emwnent of gym is suitable but the
temperature should be lower. The way of decisianay be the same as in sport hall —
adjusting of heating coil. The second way is ifstglthe air conditioning system. It
may be cooling coil which mounted into air ventdat duct. Thus the supply air will

assimilate the extra heat in the gym.

TABLE 21. Final comparison of all sport facilities

Air dome Sport hall Gym

T, °C 17.6 21.2

RH, % 37

CO2, ppm

V, m/s
P, pa

PMV +0.9 +1.3

PPD, % 22.1 40.3
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Final data of measuring in all three sport fa@itiwere compared and the result of
comparison is given in the table 21 above. Accaydmthat comparison it's possible
to make few conclusions. The colours in cells weikzed for marking the best value
and the less suitable. The best air temperatur@ddorming of workouts which in-
clude high physical activity exercises is in aintd And even in that case the indices
of PMV and PPD in air dome are not correspondingetuirements in ISO 7730. The
relative humidity level is better in the gym. Irr @iome this parameter also not too
high. The lowest magnitude of RH was sampled irrtspall. The air inside hall is a
bit dry. One of the decisions of this problem maytie installing humidifier in AHU.

It helps to increase the relative humidity up tdahle value. The lowest level of car-
bon dioxide was measured in sport hall and thetgséa in the gym. It means that an
indoor space of gym not contain enough fresh die possible way to solve the prob-
lem is to increase the air flow rate in the gymeHpeed of air movement is suitable
for gym and sport hall. The greatest magnitude wlatsined in air dome. Possible
reason of that is special function of air inside tome which also is a part of load
bearing system in contrast with other two sporilitees. The measurements of pres-
sure level show that the internal pressure in &atl gym is almost equal to atmos-
pheric pressure. In air dome overpressure is ak@ipa. In fact it's not so high value
which can be felling by occupants in comparisorhveitmospheric pressure. The PPD
and PMV indexes show the quality of thermal climateesearched objects. The low-

est level of dissatisfied person is in air dome @adhighest - in gym.

The comparison shows that all three sport facditiave quite suitable indoor climate
condition for performing workouts and sport competi. The best situation was ob-
served in air dome from thermal climate point awi Also were performed measur-
ing and comparison of getting data show that ggpsued structure can be considered

as full function sport facility.



97
6 DISCUSSION

In this thesis the research of indoor climate ctons in three sport facilities was
done. All obtained data were handled and analykkd.results of measuring allow to

make a few conclusions about indoor climate quatitgil investigated objects.

This research shows that the temperatures in $palities should be design in rela-
tion to expected activity level of sportsmen. latthase the percent of sportsmen who
will be satisfied with indoor climate will increas@ll sport facilities should be
equipped with engineering systems which can cowindl maintain the suitable condi-

tion of indoor environment.

The main conclusion is that quality of indoor cliean air supported structure meets
the mandatory requirements. Such kind of sportifa@rovides all suitable condition
for performing of sport competition and workoutfieTair domes can be considering
as alterative of ordinary sport centres and bugdgirSuch advantages as low cost of
construction and good indoor environment conditioaike this type of structure the

quite perspective sport facility.
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7 CONCLUSION

Suitable quality indoor environment contributegtmd feeling of sportsmen and their
high productivity on workouts. The decent qualifyiraloor climate allows sportsmen
to achieve the high sport results. The measuren@nitsdoor climate quality show

that main parameters of indoor climate lain in @&akle range. The air supported

structure can be considered as an alternativediypport facilities.
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APPENDIX 1

w———
Cahbration

Certificate

Adjustment and calibration of a comfort probe SWA 01

Calibration results: Uncertainty of measurement:
Velocity

2/M: Ap2218 0,07-0,50 m/s =+ 0,02 m/s.

:ﬁﬁf;;ﬁ oo il 0,50-1,00 m/s = + 0,03 m's

1,54 : Temperature £0,3°C

mlred Hardware wversion: Cowernge probabality 95%

[nstnimen! uncetainty — see mansl
Cal. daees: 2012-11-14

E:l':_ Elﬂ'fiﬂﬂéltﬂ“ﬁﬂgmj e Measuring method:
*t cal. B -05- N
Cal. cond.: 1015 hPa 33 VRH Calibration in a free air stream.
i a

e e R R Toses The sensors position in the
B D P e L Afr stream:
1;-3 cm/a 1unl§ ﬂ""iﬂ -%-g Horizontal with the red spot

= omy B . cmia =4 . -
15.0 cm/s 15.2 em/m  =q.2 towards the air stream,
25.0 cmfa 24.0 emfa 1.0
40.0 emfs 38.4 emfa 1.6 o
€0.0 em/B 5B.5 omfs 1.5 E> 3 @
BO.0 omfa 7.7 cmia 1.3 ?
100.0 om/sg 100.,1 omfea -0.1

(5t 1813 hPa) RED 5P0OT

22.3 dad 232.2 dgt 0.0

Calibrn ¥




